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NOTES ON REGENT PUBLIGATIONS RELAT- 
ING TO THE EFFECT 0F EARTHQUAKES 

ON STRUGTURES. 



By C. A. W. Pownall, M.LC.E. 

[Read Januuary aoth, 1891.] 

The XIVth. Volume of Transaetions of the Seismologieal 
Soeiety of Japan eontains an interestlng series of Building Re- 
gulations and deseriptions of the methods adopted in various 
eountries as safeguards for dwelling houses against the force of 
earthquakes. It may be worth while to eompare the eonelu- 
&ion8 whieh have been arrived at, as well as to see what dedue- 
tions may be made from the general tenor of opinion, not 
only as regards houses, but also as to other struetures, sueh as 
viaducts, ete. 

That opinion may be sought in two dififerent direetions. 

(i). From the praetieal esperienee of former generations 
who have lived in earthquake eountries, and whose ordinary 
dwellings might be expected to embody sueh features as would 
enable them to resist earthquakes. ^'Ordinary dwellings" 
are detined as those ereeted by individuals on their own res- 
ponsibility, apart from any regulations or 8upervision of the 
government of the eountry. 

(2). From the Regulations of Governments; and from the 
results of scientific observation. 
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To speak of the praetieal experience first. If the resistanee 
the house was to offer to an earthquake had been a primary 
cbject with its future inhabitant, it might be supposed that the 
same experiences would lead to the same eonelusions, that is to 
the same type of house, even in widely separated eountries, 
sueh as those whieh border the Mediterranean, South Ameriea, 
Manila, and Japan. For, the earthquake aetion being similar 
in all eountries, the people in eaeh eonntry eould only devise 
one best method to eounteraet it, and that method would be 
the same everywhere. 

The houses in Japan are not unfrequently spoken of as if 
the type had been deeided on with a view to some speeial anti- 
earthquake properties inherent in a strueture of light unbraeed 
yertieal timbers, whieh rest on stones at the ground level and 
snpport a very heavy roof of tiles. 

Regarded as a whole sueh a strueture is simply an inverted 
pendulum whieh will swing through a eertain angle and then 
^urn over. ' Parther taking it room by room, the different parts 
bf the building ean give no support to eaeh other. The Japa« 
nese type of house was probably adopted for other reasons. 

As stone eould not be obtained from the hills to build houses 
in the plains without enormous expense for transport over 
rough roads, and as the art of burning brieks was till lately 
unknown in this eountry the originators of the Japanese type 
of house had really only timber to use. 

A wooden framing was forced on them, and the vertical 
posts were no doubt plaeed on stones toprevent the ends from 
rotting by eontaet with the soil. 

It is not so easy to understand why the framing should not 
have ineluded any diagonals, but it might be in order that 
there should be no obtruetion to the free passage from room to 
room whieh is given by the wooden slides whieh serve as walls. 

Tiles for the roof would be used beeause wooden shingles 
give but poor rain proteetion. 
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The above, if aeeepted as explaining the leading features in 
the ordinary house of Japan, would base those features on other 
eonsiderations than the resistanee to earthquakes, for whieh, 
except that the houses in Japan are of small elevation, no form 
of arehiteeture would appear, pritna faciiy to be less adapted. 

Nor eould anything be further from either the Japanese or 
the best anti-earthquake type than the houses of South Italy as 
one finds them represented in Mallet's aeeount of the Neapoli- 
tan earthquake in 1857. 

He deseribes them thus : — 

'^ Loftiness, thiekness of walls, apertures few but large, 
square headed windows, and arehed doors and gateways, 
with heavy tiled roofs and deeply hanging eaves eharaeterise 
the outside." .... 

*' Limestone an.d briek^are the staple mateiials/' 

" The general style of eonstruetion of wall, even in first- 
elass buildings, eonsists of a eoarse, short-bedded, ilMaid 
rubble masonry without any attention to thorough binding 
whatever." .... 

** The honses are seldom under two stories and rarely ex- 
eeed three," 

Except that the heavy tiled roof appears eommon to the 
Japanese and Italian house there is no other feature in whieh 
they resemble eaeh other. 

Turning to another Mediterranean eountry, Mr. Manby 
wrote a paper to the Institute of Civil Engineers on the Gra- 
nada eartbquake in 1884, in whieh he thus speaks of the ordi- 
nary Spanish house : — 

'' The poorer houses eonsisted of boulders laid in mud and 
the better ones of half baked brieks and plaster. Nothing 
was done to bond the walls or tie the strueture together by 
properly seeured timbers." 

Both the aboTe read as if the inhabitants of Italy and Spain 
had adopted a form of eonstruetion suited to the materials at 
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their disposal, using rough masonry just as the Japanese use 
timber. The great diSEerenee seems to be that in Italy and 
Spain thehouse eonsists of strong material roughly put toge- 
ther while in Japan it is made of light material by good workmen. 

As South Ameriea was eolonised by adyenturers from Spain 
one may suppose that these brought wiih them their own ideas 
of the kind of houses they wished to live in, and in the New 
World as in the Old that they earried out those ideas for them- 
selves wilhout regard to scientific eonsiderations or govern- 
ment interference. 

The absenee of the latter in the form of Building Regula- 
tions is apparent in the last volume of our transaetions, where 
the reports from Golombia, Eeuador, Venezuela, Mexico, and 
Guatemala are alike in saying that no sueh regulations exist. 

In default of them eaeh man will build his house as he 
ehooses, probably in most eases in the fashion Gf his Spanish 
forefathers, and as to the houses in Spain we have had Mr* 
Manby's aeeount. 

From page 159 of our last volume it appears that in Chili 
and Lima there is a regular system, or systems, adopted, but 
that is a loeal one. 

But no general system exists among dif!erent raees exposed 
to the sarae danger in ditEerent parts of the world, and human 
experience, as sueh, has shown no eoneert of opinion in pro- 
dueing a type of house ealeulated to best resist earihquakes. 

(2). To eonsider the regulations of governments, first in 
date of whieh are those of the Portuguese Government afler 
the Lisbon earlhquake is 1755, and the seientiiie investigations, 
whieh are the work of the present generation. 

Both in the Government Regulations and in the suggestions 
of scientific men there are many points requiring most careful 
attention. 

To begin with, one must realise, as elearly and simply as 
possible, what earthquake aetion means as a destructive 
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ageney; and then work out how best to eounteraet it. Sueh 
earthquake aetion as would be*caused by a severe shoek with 
a vertical, or nearly vertical emergenee, must be left out of 
eonsideration, for it would destroy any building whieh eould be 
made above it. 

But omitting the above ease of the origin of the force being 
immediately, or nearly, below the site of the strueture, and as- 
suming that we are dealing with earthquakes whieh aet at an 
angle of 45^, or in most eases far less, with the horizon« we 
have then to think of wave motion on the earth's surface and 
of the reeoil from this, as indueedby the inertia of the building 
itself, after the wave has passed. 

We know from Professor Milne's investigations that this 
wave motion varies, even at plaees adjacent to eaeh other, ac- 
eording to the geologieal formation, and that it varies also at 
different depths, being found less at ten feet below the ground 
than at the surface. 

The force may lie between very wide limits ; it may be only 
sueh a quiver of the ground as all here are familiar with, or it 
may be sufiicient to wreek even a solid strueture. 

But the latter event is rare, and to overthrow a well-built re- 
taining or doek-wall by turning it over on its edge would require 
sueh a convulsion of the earth's surface as is seldom experienced. 

The ordinary praetiee is to build sueh walls with good bond 
and of good materials, and more than this eannot be done: 

To bring eompound struetures sueh as houses and viaducts 
as nearly as possible into the same eategory as simple struetures 
should be the intention. And this would be earried out by so 
designing them as to prevent their eomponent parts from 
separating. 

If that ean be done, then the building is seeure against falN 
ing, except as a mass by overturning. 

This is the question dealt with in the last voIume of the 
Transaetions by Monsieur J. Leseasse, by the Manila and Isehia 
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Regulations, and by Profe8Sor Milne, who has also eontributed 
two papers on it to the Institute of Civil Engineers. 

A building may be held together by ties, or by struts, or by 
ties and struts eombined. Mr. Leseasse defines his ob]ect by 
proposing : — 

** To tie the masonry in piles or bloeks eonneeted toge- 
ther, so that neither the materials ean be separated nor the 
walls broken." 

From the drawing whieh he adds to his paper it is evident 
that he would earry out this proposal by a system of iron rods 
built into the walls, that is by ties only. But, on the verticai 
rods there shown, the strain would not be a tensile one, sueh as 
iron rods are suited to, but a bending or shearing strain. 
Therefore theoretieally the rod is exposed to an aetion whieh it 
is not best suited to resist, and praetieally the Isehia Regulations 
eontain passages equally opposed to this method. On page 
138 we read : — 

" With regard to the value of iron ties, whieh, espeeially 
after the earthquake of 1881, have been proposed for several 
buildings, they have unfortunately during this last vertica| 
eommotion been shown not to haye been very valuable, and 
in many instanees they have ereated destruetion. perhaps on 
aeeount of their point of eonneetion with the masonry not 
having been sufficiently eomplete." 

Again, on page 153, we find in the same Regulations : — 

" The use of iron keys and bands possesses the drawbaek of 
excessively weakening the points of masonry whieh they toueh 
and where they aet, aeeelerating therefore often the destrue- 
tion instead of preventing the same, espeeially when the 
movements are very intense, as is the ease during strong 
earthquakes. The examp1es we had in CasamiccioIa in eer- 
tain buildings near the bathing plaee, and in the already 
mentioned Villa-Di-Mayo, whieh has been eompletely de- 
stroyed, are of great importanee." 
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Frotn the above it is evident that the method of ties has not 
been foand satisfactory under aetual trial, and the direetly op- 
posite method of struts, that is of stiffening the house by 
wooden or iron beams, is that whieh all the governments whieh 
have given olBeial attention 10 the matter unite in reeommending. 

We have in our last voIume informatron as to the aetion of 
the Portuguese Government at Lisbon, of the Italian Govern- 
ment at Isehia, Noreia, and Liguria, as also of the Spanish 
Government at Manila. 

£ven though the making extracts from what this Soeiety has 
80 reeently published must mean repetition, a few sueh extracts 
put consecutive1y may show how eompletely the Authorities 
who issued them are agreed. 

Taking these government regulations in order of date for 
eomparison, we have first those of 1755 for Lisbon. We have 
not these in full in the last volume, but on p.p. 157-158 they 
are referred to thu§ : — 

" The Barraek System was enforced. This eonsisted of a 
eage made up of timber beams so eonstrueted as to be easily 
filled up with a eoherent material, and limiting the number 

of stories above the soil to two." " The tim- 

ber whieh was used was fir." ** This new 

system of eonstruetion beeame eustomary, and people had 
sueh confidence in it that now, though the severity of the law 
has relaxed, barraek palaees of four oj five stories are bviilt." 

The above is quoted from the Building Regulations for Is- 
ehia (1883), whieh go on to lay down similar rules for the 
dwellings in that island whieh were rebuilt after the earthquake 
whieh had then reeently oeeurred. 

Those rules are elassed under two headings : — 
** A." for Publie Gonstruetions. 
*' B." for Private Buildings. 

In the first of these, after allusion has been made to the ehoiee 
of site, to geologieal eonsiderations, and to the desirability of 
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one of the diagonals of the building belng direeted to the quar- 
ter from whieh earthquakes are most to be feared, we find the 
pith of the regulations in these words : — 

P. i66. — ''As a rule for new buildings of a permanent 
eharaeter, whether these are of one or two storeys over the 
soil, the so-ealled ''barraek system/' with iron or timber 
frames, aeeording to eireumstanees, so arranged as to solidly 
eonneet the frames of the iloors with the truss of the roof 
must be adopted. 

And again, when ehurehes are spoken of : — 

P. 169. — "The system of eonstruetion of the walls whieh 
is to be preferred is the 'baraeeato' with iron or timber 
frames, but in sueh ease the eolumns between the naves 
must be of iron." 

AIso among ** aeeessory artieles " eoneerning details of eon- 
struetion : — 

P. 170. — **In barraek buildings having timber or iron 
frames, and espeeially in those of two storeys, in the frames 
of walls, between the beams of iloors, and in trusses, a 
sufficient number of diagonal pieees for the formation of 
triangles whieh seeure the rigidity of vertical and horizon- 
tal joints, as also that of the vertical and horizontal parts, 
must be used." 

Turning to the heading " B " for private dwellings, we find 
the same intention in the paragraph : — 

P. 172. — **In dangerous zones and generally on very 
sloping ground, dwelling houses of one or two storeys over 
the soil, should they- not be made entirely of timber, must 
be eonstrueted aeeording to the system of barraek houses 
with wooden or iron frames. Similar eonstruetions must 
be properly strengthened by diagonals, so as to resist with- 
out variation shoeks in different direetions. 
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In the Manila Regulations, dated 1880, there are the fol- 
lowing passages : — 

"The vertical framework of private buildings ean be ex- 
euted of iron or tiinber, giving to the wall pillars ihe neees- 
sary dimensions, and fastening the same together by means 
of diagonal braees, espeeially at the eorners. 

P. 115. — ** Without preseribing timber for any elass of 
frames the preference must be generally given to iron, as 
well for supports as for ties and frame works, espeeially tak- 
ing eare to mak^ these rigid. The vertical frames must be 
of T iron or of lattiee trusses, uniled as is eustomary." 

P. 116. — " Rigid frame works of sueh material not only 
offer an absolute guarantee against disturbanee during earth- 
quakes, but they serve to strongly bind together the whole 
eonstruetion, giving to it unity, aud proeuring for the whole 
mass the neeessary resistanee against the motion of vibra- 
tion, whieh the sueeession of motion makes a very essential 
eondition, as it seems proved that in earthquakes there oeeur 
peeuliar lines in whieh- vertical vibrations reaeh an enormous 
power of projection." 

From the above quotations it will be seen that the Govern- 
ments of Portugal, Spain, and Italy, are unanimous in reeom- 
mending that buildings should be stiffened by a framework of 
wood, or preferably of iron. 

It might be worth eonsideration whelher sueh a framework 
eould be improved by the use of iron ties laid horizontally at 
the level of the ground and of the iloors. Ties alone are ob- 
}ected to in the foregoing extracts from the Italian Regula- 
tions, but part of that objection rests on the disturbanee of the 
bond of the wall by the rod, and this might be avoided by lay- 
ing the rods in grooves eut in a stone plinth or string eourse. 

To thus add lies horizontally to the barraek system would be 
to use a system of struts and ties. The eost of the latter would 
not be eonsiderable, and their presenee would aid in holding 
the strueture together when exposed to horizontal motion. 
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With regard to roof8, all authorities appear to eoneur in 
thinking that the trusses should be strong and simple, well 
bedded on the walls, and covered with the lightest possible 
material so as to reduee top weight. 

As to foundations, there is eonsiderable diSEerenee of opinion 
as to how these should be made in soft ground, whieh is the 
most dangerous. 

All agree in regarding hard ground, sueh as roek» as pre- 
ferable, beeause vibrations are less felt through it. 

But when it is neeessary to build on soft material, whieh 
yields readily to the earthquake motion and transmits this 
fully to ihe building above it, various methods are suggested. 

Lieutenant-Golonel Gortes in a paper based on his experience 
in Manila, regards deep foundations as useless and proposes : 

P. 223. — ''The eonstruetion of a timber platform almost 
on the surface of the soil or at a very little depth, giving to 
this basement a wide estension in order to impart great 

stability to the building." "The whole 

platform has to form a solid and eompaet mass quite in- 
dependent of the soil. However in order to avoid sliding, a 
limited number of fixed points eonneeted with the soil must 
be established." 

Sueh a foundation as Golonel Gortes there proposes is really 
a raft, a very useful and usual expedient for distributing ver- 
tieal pressure on a weak foundation, but one whieh as regards 
horizontaI pressures eannot be regarded as equally advantage- 
ous. If it were to be so, it would be neeessary that the soft 
ground beneaih the raft were absolutely iluid, so that there 
eould be no eohesion whatever between it and the lower surface 
of the raft. But on that lower surface there must be eohesion, 
even with the softest ground, if only from the weight of the 
bailding pressing the raft down, and further the ** fixed points" 
proposed by Golonel Gortes would give the ground a direet 
hold on the raft. 
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At the surface of the ground Professor Milne finds the 
maximum oseillation, whieh must pass direetly into the raft 
and so to the building above, whieh would thus receive the full 
force of the earthqaake. 

In a workon the £arthquake of Isehia, published in 1885 by 
Dr. Johnston-Lavis, another idea is suggested : — 

P. loi. — "The building should have its foundations re- 
plaeed by a strong cohesive pIatform resting on a thiek stra- 
turn of loose sand or pumiee stone." .... 

*' This should fill an excavation of eonsiderable depth and 
of an area greater than that covered by the building. The 
prineiple involved is of eourse the using up of the earth- 
quake energy in friction and erushing pf eaeh individua- 
partiele, and, as regards the use of the pumiee, the intereepl 
tion of numberless air partieles." 

The above may be briefly defined as plaeing a eushion under 
the building, so that the earthquake shoek may be absorbed to 
some extent before it attaeks the building. 

This plan of using a '* eushion '' if taken, not in eonneetion 
with a ** strong cohesive platform " (that is a raft whieh derives 
its molion from the surface), but with a system of piles driven 
into the soft ground, would probably be very valuable. 

In the diagram of the Tokio earthquake of Mareh 20th, 
1885, whieh Professor Milne gave to the S^rd Volume of the 
Proeeedings of the Institute of Civil Engineers, it is shown that 
while the oseillation at the ground surface was eonsiderable, 
there was hardly any of it at the bottom of a pit 10 feet in 
depth. There is no difficulty in driving piles as far as that, or 
twiee as far, in ground even moderately soft, and if the bearing 
of the building on the ground — and therefore the point of eon- 
taet and appliealion of force — ean be taken down so as to re- 
ceive the shoek where the intensity of this is so mueh less, and 
if that diminished intensity ean be further redueed by passing 
it in to the building through an elastie material between the 
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bottom and top of the piles, the building would be affected by 
only a part of the wave motion whieh the earthquake projects 
along the surface of the ground. Thls is what Professor Milne 
has advocated as '* deep and free ^oundations," and, not only 
for houses but for all buildings, it would appear most likely to 
ensure safety. 

The buildings, other than houses, ehurehes, or publie edifices, 
all of whieh resemble eaeh other to some extent, whieh may 
be eonsidered with a view to the effect of earthquakes upon 
them, are arehes and viaducts. And of the latter, only those 
whieh have not a steel or iron superstrueture of girders, but 
are a sueeession of arehes. 

Some attention has been given by Professor Milne, in his 
papers to the Institute of Civil Engineers, to the subject of 
areheSi but only to sueh small areh openings as are made in 
house-building over doors and windows. 

He finds that these frequently give way, and usually at the 
springing of the areh if this is at a sharp angle with the wall. 

The failure of sueh arehes is no doubt due, not to the areh 
itseU breaking, but to the mass of briekwork on eaeh side the 
opening pulling the areh in two. 

On a seelion line taken vertically through an average house 
wall it will be seen that where it is not piereed by window 
openings, one above the other, there is about three times the 
amount of material that there is onaparallel line taken through 
the openings. 

On the unbroken line there is so mueh more mass, and 
therefore inertia, that it will roek in different time to the por- 
tlon whieh is piereed for the windows, and this latter, having 
these more solid masses on eaeh side of it, will be torn asunder 
by them. 

In a viaduct, when the shoek eomes in the most unfavour- 
able direetion, that is at right angles to the piers, eaeh areh 
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receives a tensile strain in the direetion of its length as the 
piers oseillate. 

And to resist this tensile strain, or pulling in the direetion of 
its length, the areh has only the tensile strength of the mortar, 
or the adhesion between mortar and briek or stone. 

If bridges or viaducts are of great height the same dispro- 
portion as in the walls of houses wiU be found on seetion lines 
taken vertically, one through the abutment or pier and another 
through the eentre of the areh. But when the height of the 
strueture above ground is not great the mass of material in the 
pier is redueed in proportion, whil& the areh itself is always of 
mueh greater strength, as regards seetional area, than the few 
brieks set on a curve over a window opening. 

In sueh works as these there is not the same diserepaney 
between the arehed and the solid portions, and it is probably 
owing to this reason that failures are comparativeIy rare. 

To what extent they have aetually oeeurred we do not know 
and it would be interesting to investigate how far the old Ro- 
man viaducts in Spain, Italy, and the Soiith of France have 
been affected by the earthquakes whieh have visited those 
eountries during the eenturies whieh have passed. 

Modern Civil Engineering is still so young that its works 
have not yet had time to undergo the trial, but the old works 
round the Mediterranean have undergone it, and one of them, 
the great viaduct earrying the military road at Gampostrina 
was found uninjured by Mallet (p. 94) when he investigated 
the destruetion eaused by the Neapolitan earthquake in 1857. 

P. III. — ** The Bridge of Spain has only suf!ered a slight 
imperfection in the areh, depressed to -^.t the other five 
stone arehes where the eIevation is a fifth of the span (\) 
having remained in a good state." 

And on the foIlowing page the Gommittee proeeed to say : — 

P. 112. — "They do not hesilate to guarantee that stone 
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walls where they are of little eIevation, when they have a 
thiekness adeqaate to theirheight, and prineipally when they 
are well eonstrueted . . . ean be used without danger. 

This last extract may be taken as applying to the piers of a 
yiaduet. As to the intervening arehes, if they ean be built with 
good material, strengthened as regards tension by the use of 
hoop iron laid between the eourses, and curved into the abut- 
ments aeeording to Professor Milne's suggestion, there is no 
reason why they should not be regarded as proof against the 
aetion of any earthquake they are likely to eneounter. 

Speeial eare with the foundations would of eourse be neees- 
sary if the ground were soft, as in the ease of houses. 

A strueture of this kind is a more homogeneous one than a 
house where the thiekness of the wall bears but a small propor- 
tion to the width of the rooms, and the thiekness of the fioors 
a still less proportion to the height of the rooms. 

For engineering works the dietum that arehes should never 
be used above ground in an earthquake distriet should be modi- 
iied by a eonsideration of the force of the earthquake liable 
to oeeur in that distriet, and also of the strength whieh ean be 
given to the arehes by careful designing and workmanship, so 
as to enable them to stand against that force. 

C. A. W. POWNALL, 

M. Inst. C.E. 
November i^th, 1890. 



APPENDIK TO THE ABOVE NOTES. 



By C. A. W. Pownall. 

[Read May a^th, 1891.] 

Mr. James Forrest, Assoe. Inst. C.E., and Seeretary to the 
Institution, has most kindly eolleeted information as to the 
effectof earthquakes on aneient buildings in the Mediterranean 
basin. Extracts from letters addressed to him are given below. 
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A gentleman who has made the subject of earthquakes a 
study, wrote to Mr. Porrest : — 

'* It appears your eorrespondent wants to know about old 
works whieh were built before seismology was thought of. 
He may be referred to : — 

(i). ** Aneient Engineering and its Methods," by R. Mallet. 
(2). **TheEngineer," I2th November, ^istDeeember, 1875. 
(3). ** Earthquakes, or Aseismie Building," The Engineer, 
23rd August, 1883. 

(4). ** Palmieri*s Eruption of Vesuvius (Mallet's Introduetion 
thereto, London, Asher & Co. 1873). 

Numerous old Roman Yiaduets are illusirated and deseribed 
in: — 

(5). *• Gauthey's Traite de la Gonstruetion des Ponls, 1809.'' 
From a gentleman at Marseilles who had peeuliar facilities 

for obtaining information on the 8ub]ect, Mr. Eorrest received 

the following: — 

'* I have not been able to obtain any doeuments relative to 
eonstruetions designed to resist earthquake shoeks, and all 
the arehiteets whom I have eonsulted on the subject assure 
me that the Roman remains hereabouts eontain no partieular 
provisions in this respeet, the eountry not being mueh subject 
to volcanic disturbanee. The Roman aqueducts and in- 
numerable works were eonstrueted either of very large 
stones laid dry, or of pozzolana eonerete. The Roman re- 
mains oeeurring along the Mediterranean littoral exhibit 
foundations enlirely in pozzolana eonerete. They sought to 
establish foundations of large works on the solid roek. As 
a matter of fact I notieed at the time of the earthquakes of 
two or three years ago that all the houses at San Remo whieh 
were founded on the roek remained upstanding, while those 
built on the ordinary soil (alluvium) were overturned." 
From an Italian Engineer Mr. Eorrest heard : — 

" I have been told that neilher Vitruvius nor Pronlinus have 
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ever mentioned that any speeial provision had been made 
by the builders of the Roman yiaduets and aquaducts; on the 
eontrary, daudius' aquaduct having been built with uneon- 
neeted foundations, that is to say with separate foundations 
for every pillar, wanted only to be repaired, but we do not 
know whether it had been damaged by earthquakes or only 
by the earth's subsidenee. The Emperor Septimus Severus 
had it repaired, sustaining the damaged imposing travertino* 
arehes with briek masonry." 

Another eommunieation to Mr. Porrest was : — 

"After mueh labour in the quest of information regarding 
the measures adopted by the aneient Romans to proteet their 
aqueducts and olher struetures against the ravages of earth- 
quakes, nothing ean be traeed in reference thereto ; so I ean 
only give some opinions of Professors and men of seienee of 
this eity and of my personal impressions. £ven the latest 
work, for example, Lanzinl's fundamental work on the aque* 
duets of Rome, eontains nothing. That the restoration of the 
aquaduct daudius in the time of the Flavis and still further in 
that of the Severianis (Lanzini, pp. 146-150) shew results of 
damage eaused by earthquakes perhaps, but not expressly 
eertiiied. 

*' About the eommeneement of the i8lh eentury a severe 
earthquake-8hock felled two of the arehes of the Golosseum 
of Rorae, one storey of Nero's Tower, and several houses. 

** It appears that more of praetieal than theoretieal engineer- 
ing was praetised by the aneient Romans. Their masons were 
excellent, as is well-known ; their struetures were ponderous 
as is seen by the Termini di Garaealla, the Palentine buildings, 
and the before-mentioned Golosseum, where two walls are 
raised parallel and afterwards filled in with eonerete eomposed 
of broken tiles, piizzolano, and lime. The lime was slaeked 
several years before use, and the arehes in the above-named 
struetures were built of large tiles 57 eentimetres square and 

* Travertino is a white ealeareous building stone found near Rome. 
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four eentimetres thiek and finely jointed, whieh would afford 
more friction in ease of undulatory disturbanee than the small 
brieks employed at the present day. Nolhing was spared as 
regards labour and materials ; the aqueducts and other strue- 
tures were built by the slaves — thelr payment being strokes 
of the stiek — and the materials were produeed by voIcanic 
eause long before Rome was thought of. The volcanoes are 
situated a few miles from Rome, and the beautiful lakes of 
Albano and Nemi were formed from the eraters. 

''The sub]ect is a very interesting one and I shall be glad 
to give you any further reeords that I may gather from time 
to time." 

The writer of this paper desires to aeknowledge his obliga- 
tion to Mr. Porrest for the great kindness he has shown in obtain- 
ing and forwarding the above. 



B 



eOMPARISON 0F EARTHQUAKE MEASURE- 

MENTS MADE IN A PIT AND ON THE 

SURFACE GROUND. 



By S. Sskiya, Professor, and F. Omori, Rigakushi, Imperial 

University, Japan. 

[Read January aoth, 1891.] 

In eerlain earlhqaake reports it is stated that there has been 
comparatively little or no raovement felt at the bottom of a deep 
pit or excavation, while great damage was done on the surface of 
the ground,* and it seems to be generally believed that shoeks 
are felt less intensely in mines. It is not easy to make in- 
strumental measurenients in a mine, and, in fact, we have very 
little esaet knowledge of underground shakings. From a prae- 
tieal point of view, however, with reference to the building of 
houses, it is more interesting to investigate the shakings in 
pits or excavations sueh as might be made for foundations. 
The only instanee of sueh aetual raeasurements as yet publish- 
ed, as far as we are aware, is that deseribed by Prof. John 
Milne in a paper entitled *' On a Seismie. Survey made in To- 
kio in 1884 and 1885 " (Trans. Seis. Soe. Vol. X.) He made 
observations in a pit 10 feet in depth, whose bottom was dry 
and eonsisted of hard natural earth. Gomparing the maximum 
amplitudes, maxiraura velocities, and maxiraum aeeelerations 
obtained in the pit during the tolerably severe earthquake of 
Mareh 20th, 1885, with those obtained on the surface of the 
ground about 30 feet distant he foand that they were in the ratios 
of 1:34, 1:52 and i:82respectively. But for sraall disturbanees, 
the reeords in the pit did not differ raueh from those on the 
surface. The observaiions we have made are really a eon- 

* For instanee, see Trans. Seis, Soe. Vol. YIII. page 98.« '*The Earlhquakea of 
Isehia." 
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tinuation of Prof. Milne's, the same method being adopted 
in bolh eases. The resulls eontained in the present paper also 
show in eertain eases some dif!erence of movement on the free 
surface and in the pit. 

The obseryations were made in the Imperial University at 
Hongo, Tokyo, where the soil is hardened alluvium. The pit 
is 4 feet square and i8 feet deep, and is situated only a few 
yards distant from the instruments in the Seismologieal Ob- 
servatory. Its bottom is paved with brieks to a thiekness of 
about 2 feet. The soil appears here to be very homogeneous, 
80 that there will be little difference in earth-shakings arising 
from the heterogeneity of ground between tlie surface and the 
bottom of the pit. 

GOMPARISON 0F THS InSTRUMEMTS USED ON THE SuRFACE 

AND IN THE PlT. 

The eomparison in the present paper is restrieted to the ho* 
rizontaI eomponents of earth movements. The instruments 
employed were Prof. J. A. Ewing's HorizontaI Pendulum Seis- 
mographs. For earthquakes whieh are not too great these in- 
struments give diagrams whieh represent praetieally absolute 
molions of the ground.t 

The instruments used in the pit and on the surface were made 
as mueh allke as possible. To eompare theiraetion^they were 
plaeed on a shaky table, and their diagrams for the same motion 
were taken. Speeimens of sueh eomparison diagramsare given 
In Pi. I. The multiplying ratio of both sets of instruments 
was intended to be five. If we go through the diagrams, we see 
that for mpderate motions both give waves of almost exactly the 
same amplitudesand periods. £ven small and irregular ripples 
are.faithfuIIyrecorded. Fig. i is for the East-West eomponent 
instruments, and Fig. 2 is for the North-South eomponent 
instruments. In the foIIowing tables is given the numerieal 
eomparison of the ampIitudes,of some of the eorresponding 
waves as reeorded by the pit arid surface seismographs: — 

t See Memoirs of the Seienee Dept, Univ., Tokyo : No. g, and the Jour. Seienee 
ColI., Imp. Uniyersity, VoI. I. 
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FoR E.W. GoMPONKNT Instruments. 



Ratio. 



Amplitudbs in mm. 

GIVEN BY 

The Surface The Pit _£__ 
Instrumeni Instrument p 

1.3 1-4 9 

.92 92 1.O 

.6 75 8 

.85 9 9 

1.2 1.2 i.o 

1.65 1.55 i.i 

.4 ...... .4 i*o 

.3 3 i-o 

.15 15 i.o 

.4 - 35 II 

1.4 ...... 1.4 i.o 

2.1 2.3 9 

2.9 2.6 i.i 

1.2 1.05 i.i 

.23 20 1.2 

.15 15 i.o 

.1 1 i.o 

.2 22 9 

2.65 2.85 9 

3.5 2.35 i.i 

2.2 2.0 i.i 

.65 85 8 

.82 7 1.2 

2.^ 2.55 1.I 

3.05 ...... 2.8 1.I 

1.75 1.6 i.i 

1.85 2.0 9 

i.i i.i i.o 

.18 , 17 i.i 

1.4 1.35 i.o 

1-55 155 .'.....1.0 

1.9 1.9 i.o 



Amplitudes in mm. 
given bv 

The Surface The Pit 
Instrument Instrument 



Ratio. 



5. 

1-3 

•9 
1.2 

2-5 

2.1 

.67 

1-3 
1.05 

•9 

1.45 
1.5 
l'45 

1.5 
.26 

1-3 
1.03 

i.i 

.4 
.1 

.25 
.12 

.2 

.27 

.36 
.4 

•55 
1.9 

•9 
1.8 

2.1 

1.82 

•9 



••1 »*• 



P' 

1.45 

•9 
1.2 

2.45 

2.6 

.67 

1-3 
1.2 

•9 

1-45 

1-55 
1.6 

.26 
1.25 
1.2 

1.05 

.48 
.1 

.13 
.10 

.2 

•30 
.4 

.4 

.55 
1.8 

i.o 

1.8 
2.0 
1.9 

•9 



9 

o 

o 
o 
8 
o 
o 

9 
o 

o 

o 

9 

o 

o 
o 

9 
o 

8 

o 

9 
2 

o 

9 

9 
o 

o 

I 

9 

o 

I 

o 
o 



Average of all the ratios i.oi 
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FoR N.S. GoMPONBNT Instrumbnts. 



Amplitudbs in mm. 

G1VEN BY 

The Surface The Pit 
Instrument Instrument 



5. 

1.9 
2.1 

1.8 

1.4 
1.15 

1.4 
1.15 

1.2 

2.5 

17 
2.1 

1.2 
1-5 

1.8 

2.15 

1-3 
2.1 

1-5 

2.0 

1.9 

1.7 
1.9 

2.85 



P' 

1.9 
1.7 

1-3 
1.15 

1-45 

1.2 

1.4 
2.4 

2.0 
2.4 
1.6 

1.4 
2.2 

1.65 

1.15 

1.8 

1.7 
2.1 

1.8 

1.7 
1.9 

2.6 



Ratio. 

5 



Amplituoes in mm. 

GIVBN BY 

The Surface The Pit 
Instrumeiit Instrument 



Ratio. 



••• ■ . * 



I.I 
I.I 
I.I 
I.I 

I.O 
I.O 
I.O 

•9 
i.i 

•9 

•9 
.8 

i.i 

.8 

1-3 
i.i 

1.2 

•9 

i.o 

i.i 

I.O 
I.O 

I.I 



s. 
2.9 

1.35 

1-3 
i.i 

.58 

.7 
.92 

.9 
.2 

.65 
.18 

.74 

.71 

•3 
.65 

.42 

.4 

•31 
.21 

.16 

.1 

.76 



P- 
2.75 

1.4 
1.25 

1.15 

•55 
.66 

.89 

.8 

.2 

.61 

•13 
.74 

.69 

•3 
.65 

.42 
.4 

•31 

.20 

.15 

.08 

.76 



i.i 

i.o 

I.O 
I.O 

I.I 
I.I 

I.O 

I.I 
,1.0 
I.I 

1.4 

I.O 
I.O 
I.O 
I.O 
I.O 
I.O 
I.O 

I.I 
I.I 

1.3 

I.O 



Average of all the ralios 1.04 

In the above tables, the numbers are the aetual semi-ranges 
of motion as reeorded by the instruments eaeh divided by 5. 
These show that the two sets of instruments give on the whole 
results whieh are praetieally identieal, so that their reeords are 
at onee eomparable. It should be stated that the 8urface- 
ground and the pit instruments were interehanged with eaeh 
other in June, 1888. 

The quantities ealeulated forthe different earthquakes are : — 

(i.) The number of waves in 10 seeonds, marked «. 

(2.) Amplitude (r), or semi-range of motion in mm. 

(3.) Gomplete Period (7*), or the time taken to make a 
eomplete fore-and-back motion of the ground in see. 



J 
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(4.) Maximum Velocity in mm. per see. (F), or — =r- 

(5.) Maximum Aeeeleration in mm. per see. per see. (^ ) 

or — 
r 

In (4) and (5) it is assumed as usual that the motion of the 
ground is simple-harmonie. It is rare, however, that any eom- 
plete wave presents a very good simple-harmonie eharaeter 
during the whole of its eourse, but usually differs in extent of 
motion and in the eorresponding time of deseribing it in the 
first and seeond semi-phases of the motion, and so in some 
eases we have ealeulated V and A for the two difiEerent semi- 
phases of a wave. Sometimes also we give the maximum 
period during the 10 seeonds interval. 

The East-West and North-South eomponents of the horizon- 
tal motion are not eompounded, but the same eomponents in 
the pit and on the surface are eompared separately. It is a 
well known fact that motions of very quick periods and of 
small amplitudes generally oeeur at the beginning of earth- 
quakes, and in the diagrams appear superposed on the prinei- 
pal undulations. In severe earthquakes, sueh as those of 
January i^th, 1887, and of February i8th, 1889, these ripples 
are very prominent; and, being very quick in period, though 
small in amplitude, they have maximum aeeelerations very 
ipueh greater than those of the prineipal waves, whieh are 
longer in period though greater in amplitude. We have also 
made ealeulations on some of these ripples, whieh ean some- 
times be identiiied in the two sets of diagrams. As may be 
imagined, their ealeulation is very difficult, espeeially in 
the estimation of their periods, so that any gr^at exactness 
is not to be obtained. The ealeulation will, however, give 
some approximate idea as to the state of things. Hence> for 
some of the earthquakes, "large waves'' and ''ripples" are 
separately ealeulated. *' Large waves'' are ihose prineipal un- 
dulations for whieh ealeulation is usually made in earthquatke 
reports, and " ripples '' are the irregular wavelets superimposed 
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on them. In doubtful eases the amplitudes only are glven. 
With respeet to n, the number of waves in lo seeonds, there is 
no difference to be found between the large waves of earth- 
quakes observed on the surface and those observed in the pit; 
but, for ripples, the number is often very mueh less in the pit 
diagram, beoause of the reduetion of amplitude and the eonse- 
quent unification of some of them amongst themseWes. Tbe 
quantity n is therefore given only for ripples and not for large 
waves. The distinetion between large waves and ripples is 
often very doubtfuI, and does not exist for small earthquakes. 

We may here remark that the maximum aeeeleration, A, 19 
a quantity whieh approximateIy measures the overturning and 
fracturing ef!ect of the shoeks. In the ease of a ripple, whose 
period is very short, this efFect might probably be also measur- 
ed by the total amount of impulse eommunieated to a body 
during a semi-phase of the wave, whieh is found to be propor- 
tional to the maximum veIocity. 

RseoRDS. 

For the materials of the present paper we examined the re- 
eords of thirty aetual earthquakes. Of these, three interesting 
shoeks have their diagrams shown in Pl. II. and Fl. III., 
and their peeuliarities are diseussed. The other twenty-seven 
ahoeks were comparativeIy small, and the different ^uaniities, 
measured and dedueed from the aetual diagrams> are 
arranged in tabular form. Notwithstanding the frequent 
oeeurrenee of earthquakes in Tokyo, s.imultaneous reeords of 
tbe pit and the 8urface instruments have been obtained for a 
comparativeIy small number of earthquakes. This was owing 
to the difiicuUy of managing the underground instrument. 

(i.) — January i^th, 1887. — This was an earthquake of un- 
usual severity, a full aeeount of whieh has already been given.t 
The beginning portions of the 8urface and pit diagrams are 

t See the Journal of the Gollege of Seienee, Imperial Unirersity, Japan, Vol. l,, 
Part III. or Transaetions of the Seismologieal Soeiety of iapan, Vol. XI. 



SEKIYA AND OMORI. 25 

given in PI. II., § and these for the convenience of eom- 
parison are plaeed side by side. Fig. 3 is for the E.W. eom- 
ponent, and Fig. 4 is for the N.S. eomponent. The glass plate 
whieh received the reeord of the surface instrument made one 
revolation in 128 sec.> and that of the pit instrument in 68 see, 
so that the latter moved nearly Iwiee as quick as the former^ 
Sueh a difference of ihe rate of revoIution would, however, eause 
no material dif¥erence in the diagram. In ihese, as well as in 
tbe foIIowing diagrams, the eorresponding parts are marked 
wilh the same alphabets^ and the short radial lines mark the 
successive seeonds eounted from the beginnings of shoeks. 

The earthquake begins as usual with tremors. After a few 
seeonds, the motion beeomes suddenly great. The eharaeter 
of the motion is striking. The ripples are very prominent, and 
these are superimposed on slower undulations, whose period is 
about ? see. in the £.W. eomponent, and about 3 see. in the 
N.S. eomponent. After a short time the ripples beeome less 
evident, but the amplitude of the motion eontinues to be great, 
and the maximum displaeement oeeurs at a point marked in 
the £.W. eomponent. Gomparing now the surface and pit 
diagrams, we see that the latter its mueh smoother than the 
former, espeeially near their beginnings. The numbers, ij 2, 
3, &c., in the first eolumn in this and other tables are merely 
given for convenience. 

§ The eomplete diagram of the surface instrument is given in the same volumes 
as eited above. 
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(I.) LaRGE WaVES. E.W. GOMPONENT. 

No. Amplitudb. Pbriod. Max. Vbl. Max. Acc« 

e. * o.^ Surf. c _* la't Sarf, „ . _.. Surf. - . _,.. Surf. 

Surf. Pit. -Kj7- Surf. Pit. -pr— Sarf. Pit. -prp Surf. Pit. „. ■ 

I...1.6 1.35 1.2 — — — — — — — — — 

2...I.I 1.26 .9 — — — — — — — — — 

3-I-58 1.45 i.i— — — — — ——— — 

4. ..2.05 1.93 I.I — — — — — — — — — 

5-I-75 1-54 i.i — — — — — ——— — 

6... 1.7 1.25 1.4 — — — — — — — — — 

7-.. -95 -93 10 -86 i.i .8 7.0 5.3 1.3 50. 30. 1.7 

8... 1.05 .8 1.3 .89 .93 i.o 7.4 5.4 1.4 52. 36. 1.4 

9. ..2.4 1.75 1.4 2.0 2.2 .9 7.6 5. 1.5 24. 14. 1.7 

10.. .3 53 2.65 1.4 2.8 2.0 1.4 7.9 8.3 .9 22. 26. .9 

II. ,.2. 2 1.25 1.8 1.3 1.7 .b II. 4.6 2.4 52. 17. 3.0 

12... 1.35 .95 1.4 1.5 1-4 II 5-7 4-3 1-3 24. 19. 1.3 

13. -2.75 2.55 i.i 1.8 1.7 i.i 96 9.4 i.o 34. 35. i.o 

14... 1.8 1.65 i.i 1.6 1.2 1.3 7.1 8.6 .8 28. 45. .6 

15...1.4 .65 2.2 .93 1.4 .7 9.5 2.9 35 65. 13. 5.0 

16.. .2. 15 1.8 1.2 2.8 1.9 1.5 4.8 6. .8 II. 20. .6 

17... 74 .1 7.4 i.i -6 1.9 4.2 i.o 4.2 24. 10. 2.4 

18... 17 2.25 .8 .97 2.7 .4 II. 5.3 2.1 72. 12. 6.0 

19. ..1.8 1.8 i.o 32 2.7 1.2 3.5 4.2 .8 7. 9.8 .7 

20.. .1.3 .55 2.4 2.5 1.4 18 3.3 2.5 1.3 8. II. .7 

21... .7 .1 70 1-3 9 1-4 34 -7 5-0 I7- 5- 3-5 

22. ..1.6 .38 4.2 i.o i.o i.o 10. 2.4 4.1 63. 15. 4.2 

23... 1.3 .14 9.0 1.8 .9 2.0 4.6 i.o 4.7 16. 7. 2.4 

24... 1.65 .44 3.7 2.1 1.3 1.6 5. 2.1 2.4 15. 10. 1.5 

25. ..1.6 1.5 i.i 1.9 1.5 1.3 5.3 6.3 .9 18. 26. .7 

26... 1.83 .9 2.0 1.7 1.3 1.3 6.8 4.4 1.6 25. 22. i.i 

27... 1.65 .85 19 31 3-2 i.o 3.4 1.7 2.0 7. 3.4 2.0 

28. ..1.7 .55 31 1-5 1-5 10 7-« 2.3 3.1 30. 10. 3.0 

Aveiage 2.3 1.2 2.1 2.I 



(II.) Larob Waves. N.S. Gomponent. 

No. Amplitudb. Pkriod. Max. Vel. Max. Acc. 

Surf. Pit. ^- Surf. Pit. ^- Surf. Pit. ^' Surf. Pit. ^ 

I...I.42 .85 1.7 — — — — — — -— — — 

2. ..1.65 1.25 1.3— — — — — ——— — 

3...1.65 1.3 1-3 — — — — — ——— — 

4... 1.85 2.1 .9 — — — — — — _ — — 

5... 1.85 a.4 .8 — — — — — ——— — 

6,. .1.5 1.8 .8 1.5 1.7 .9 6.3 6.7 i.o 26. 25. i.o 

Average i.i 
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(III.) RlPPLES. E.W. GOMPONENT. 



No. Amplitude. 

Surf. 



Pbriod. 

Sarf. Pit. ~pj(~ Snrf. Pit. "pfp' 

I... ^95 '75 1-3 — — - 



Max. Vkl 



Surf. Pit. 



Surf. 
Pit. 



Max« Acc. 

Surf- 



Surf. Pit. 



Pit. 



2. ..1.05 


•94 


I.I 


•54 


3... .6 


•34 


1.8 


•39 


4... .6 
5.- ^56 


.16 


3^8 


.29 
•25 


6... .5 


.19 


2.6 


•25 


7... 1.24 


•78 


1.6 


•34 


8... .51 


not 


— 


•45 


9... .92 


exisl- 


— 


•4 


10... .75 


!•»?. 


— 


.4 


II... 1.2 


.82 


1.5 


•75 


12... .98 


.90 


i.i 


•4 



•73 
.46 

.66 

.6 
.6 



9 

.7 



.7 12. 8.1 1.5 140. 70. 2.0 

.6 9.7 4.7 2.1 169. 65. 2.5 

•4 \l '-S 93 lf^\ .4. 250 

.4 13. 2. ^.5 320. 21. 15.0 

.6 23. 8.2 2.8 430. 86. 5 o 

— 7. — — 100. — — 

— 15. — — 230. — — 

— 12. — — 190. — — 
.8 10. 5.7 1.8 83. 40. 2.1 
.6 15. 8. 1.8 240. 73. 3.0 



Average ' 1.9 



.6 



3-7 



7.8 



(IV.) RlPPLES. N.S. GOMPONENT. 



Amplitude. 

Surf. 



No. 

Surf. Pit. -p^ 

I... .56 .25 2.2 

2... .7 .64 I.I 

3... .32 .29 I.I 

4... ^59 -37 1-6 

5... 1.05 .87 1.2 

6... .41 .31 1.3 

7'" .59 -65 «9 

Average ... 1.3 



Period. 



Surf. 

2 

28 

4 

32 

5 

25 

53 



Pit. 
.28 

•55 
•31 
•38 

•55 
•36 
.8 



Surf. 
Fit. 

•7 

•5 

1.3 
.8 

•9 
•7 
.7 

.8 



Max. Vel. 

Surf. 



Pit. ^iEL-Surf. Pit. 
F»t. 



Max. Acc. 

Surf. 



18. 5.4 3-3 550^ 120. 

16. 7.3 2.2 370. 83. 

5. 6. .8 78. 120. 

12. 6.1 2.0 230. 100. 

13. 10. 1.3 170. I20. 

10. 5.4 I 9 260. 94. 

7. 5.1 1.4 83. 40. 



1.8 



Pit. 

4.6 

4.4 

.6 

2.3 
1.4 

2.8 
2.1 

27 



In (III.), ilie two ripples marked 4 and 5 in the surface- 
ground diagram liave united into one in the pit diagram, and 
those marked 8, 9, 10 in the former do not exist separately in 
the latter. 

If these ealeulations be eorreet, or at least approximale, it 
would appear that the maximum veIocities and inaximum ac- 
eelerations are eonsiderably greater for ripples than for large 
undulatioiis. Sueh a dif!erence will be found also to be the 
ease with olher severe earthquakes. 

(2.) — April i6th, 1887. — A very small earthquake. 



Max Amp. Pbriod. 



Max Vel. 



Surf. Pit. Trrr- Surf. Pit, -rrrr' Surf. Pit. -r^rr' Surf. Pit. 



Max. Acc. 

Snrf. 



Pit. Pit. 

E.W. Coinp. .1 .13 .g — — — — 

N.S. Comp. .1 .15 .7 .6 1.2 .5 i.i 



Pit. 



.8 1.4 12. 4. 



Pit, 

3- 



28 eOMPARISON 0F EARTHQUAKE MBASUREMENTS : 

(3.) — May 2nd, 1887. — This is a good example of a small 
earthquake. The motion indieated by the pit reeord appears 
to be smaller than that indieated by the surface reeord. 

N.S. GoMPONENT. 

n. AvER. Period. Max* Period. 

I! n-1. Surf. e . r».. Surf. ,. . „.. Surf. 
Surf. Pit. -pTT- Surf. Pit. -=tt- Surf. Pit. -^57-- 

trie. »11. JrlC. 



21. 21. I. .5 .5 I. .7 .9 .8 

Max, Ampl. . Period. Max. Vel. Max. Acc. 



i 



S"J1. c.,.* t>i. Surf. ___. _,^ Surf. „.._* «.. Surf. 



Surf. Pit. ^p Surf. Pit. ^^ Surf. Plt. ^^ Surf. Ptt. -^ 

.1 .06 1.7 .5 .6 .8 1.3 .6 2. 16. 6. 3. 

E.W. Gomponent. — Maximum amplitude is not greater than 
.1 mm. both in the surface and pitdiagrams. The waves are 
too flat to be eounted dednitely. 

(4.) — May 7th, 1887. — Asmallearihquake, whose extentof mo- 
tion appears to be rather greater in the pit than on the surface. 

«. AvER. Period. Max. Pkriod. 

Surf. Pit. ^- Surf. Pit. ^" Surf. Pit. ^- 

E.W. Comp. 22. 19. 1.2 .46 .53 .9 .7 

N.S. Comp, 19. 18. I. .5 .56 .9 .7 I. .7 

Max. Ampl. Period. Max. Vel. Max. Acc. 

Surf. Pit. ^- Surf. Pit. ^^' Surf. Pit. ^ Surf. Pit. ^' 
"it. Pit. .Pit. Pit. 



E.W. Comp. .1 .1 I. .6 .4 1.5 I. 1.6 .6 11. 25. .44 
N.S. Comp. .15 .13 1.2 .7 I. .7 1.4 .9 1.6 13. 6. 2.2 

(5.) — June 20th, 1887. — A small earthquake. 

Max. Ampl. Period. Max. Vel. Max. Acc. 

Surf. Pit. ^ Surf. Pit. ^ Surf. Pir. ^ Surf. Pit. ~ 

E.W. Comp. .1' .07 1.4 .9 I. .9 .7 .4 1.6 5. 28 1.8 
N.S. Comp. .1 .1 I. .5 i.i .5 1.3 .58 2.3 16. 3.4 5. 

(6.) — June 30th, 1887. — A very small earthquake. 

E.W. Gomponent : — Almost insignificant, the maximum 
amplitude being not greater than .05 mm. in the surface dia- 
gram, and obseure in the pit one. 

N.S. Gomponent:— In the surface diagram the maximum 
amplitude is .06 mm., and in the pit diagram probablynot 
greater than .05 mm. 
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(7.) — July 2nd, 1887. — A small earthqiiake. 



Max. Ampl» Period. 



Max. Vel. 

Siirf. 



Max. Acc. 

I. 28. 27. I. 
1.2 27. 22. 1.2 



Surf . Plt. §H^ Surf . Pit. ^^ Surf. Pit. 
Pit. - Pit. 

E.W. Comp. .16 .16 I. .5 .5 I. 2.1 2.1 
N.S. Comp. .25 .22 i.i .6 .7 .9 2.62.1 

(8.) — July 22ncl, 1887. — An earthquake of average extent of 
motion, but of slow period. The eharaeter of this earthquake 
is interesting. Unlike inost earthquakes, whieh begin with 
quick vibrations, this begins very gently, with waves of small 
amplitude and of long period. After about 10 seeonds from 
the start, the motion beeomes larger and irregular, and ripples 
appear superimposed on the prineipal undulations. All the irre- 
gular wavelets are tabulated. 











• n. 


AvBR. Pbriod. 


Max. 


Pbriod. 








Surf. 


Pit. 


Surf. e - _,.. 

TiT S°'^- P'* 


Surf. e £ 1 
• Plt. Surf. 1 


p. Surf. 
^'^' Pltl 


E.W 


. Comp. 


36. 


14. 


2.6 


3 7 


• 


4 


I. ] 


[.6 .6 


N.S. 


Comp. 


28. 


20. 


1.4 . 


36 .5 


• 


7 


7 3 


[.7 .4 










E.W. C0MP0NEN1 


1 

• 








No. 


Amplitudb. 


* 

Period. 


Max. Vel. 


Max. Acc. 




Surf. 


Pit. 


Surf. 
Pit. 


Surf. 


Pit ?"'^- 
^**' Pit. 


fcurf. 


Pit. 


Surf. 
Pit. 


Surf. 


-,,. Surf. 
P'*- Pit. 


I... 


•15 


.15 


I. 


•5 


.8 .6 


1.9 


1.2 


1.6 


24. 


9.4 2.6 


z.«. 


•25 


.21 


1.2 


i.i 


I. i.i 


1.4 


1.3 


I.I 


8.5 


8. i.i 


3»»* 


.11 


.14 


.8 


.64 


.65 I. 


I.I 


1.4 


.8 


ir. 


14. 0.8 


4... 


.21 


.2 


i.i 


•95 


.94 I. 


1-3 


1.4 


.9 


8. 


10. .8 


5*** 


.15 


•15 


I. 


•7 


7 I. 


1.4 


1.4 


I.O 


12. 


13. .9 


6... 


.18 


.24 


.8 


1.2 


1-3 -9 


I. 


1.2 


.8 


5. 


6. .8 


7... 


.18 


.11 


1.6 


1.2 


i.i i.i 


I. 


.6 


«•7 


5 


3.6 1.4 


19... 


.14 


.14 


I. 


l.i 


I. i.i 


.8 


•9 


.9 


4.6 


3-5 .8 


9... 


.14 


.09 


1.6 


'P 


.9 I. 


•9 


.6 


1-5 


6.5 


4-4 1.5 


10... 


•13 


.11 


1.2 


.83 


.75 11 


I. 


•§ 


i.i 


7.4 


7.7 I. 


II... 


.12 


.12 


I. 


.83 


.94 .9 


•9 


.8 


lA 


7. 


5. 1-4 


12... 


.14 


•15 


.9 


i.i 


I. i.i 


.8 


•9 


•9 


4.6 


6. .8 


13... 


•15 


.15 


I. 


.83. 


.94 .9 


i.i 


I. 


i.i 


8.7 


7. 1.2 


14... 


.08 


.05 


1.6 


.74 


.8 .9 


.7 


.4 


1.8 


6. 


3- 2. 


15... 


•'§, 


.12 


1.2 


I. 


.9 i.i 


.9 


.8 


i.i 


6. 


6. I. 


16... 


.0? 


•05 


1.6 


•7 


.64 i.i 


.7 


.5 


1.4 


6. 


5. 1.2 


I7... 


.20 


.19 


I. 


1.3 


1.5 -9 


I. 


.8 


1-3 


4.7 


3-4 1.4 


18... 


.21 


.15 


1.4 


i.i 


1.4 .8 


1.2 


•7 


1.7 


7. 


3.1 2.2 


19... 


.16 


.23 


•7 


1.3 


1.4 .9 


.8 


I. 


.8 


3.8 


4.4 .9 


20... 


.21 


.25 


.8 


1-3 


1.6 • .8 


I. 


I. 


I. 


5. 


3-8 1.3 


21... 


.34 

rerae( 


•31 

• 


i.i 
i.i 


1.5 


2. .8 
I. 


1.4 


I. 

. . . 


1.4 
1.2 


6. 

• • • - • • • • 


31 2. 

• • • • A •-^ 



30 eOMPARISON 0F EARTHQUAKE MEASUREMENTS: 

* 

N.S. COMPONBNT. 

No. Amplitudb. Pbmiod. Max. Vbl. Max. Acc. 

Surf. Pit. ^ Surf. Pit. ^' Sutf. Plt. ^ Surf. Pit. ^ 



I •• -37 '35 I- -7 -9 «8 3-3 2.5 1.3 29. 18. 1.6 
a... .13 .2 .7 .6 1.5 .4 1.3 .8 1.6 13. 3.5 3.7 

Average ... .9 6 1.5 2.7 

In the latler part of the motion, the amplitude seems to be 
larger in the pit diagram than in the surface diagram. But the 
period was niueh longer in the former than in the latter. 

(9.) — September a^th, 1887.— A moderate earthquake, like 
the preeeding one. The extent of molion appears to be larger 
in the pit than on the surface, and consequentIy also the dura- 
tion of motion is longer in the former than in the latter. 

n. AvBR. Period. Max. Pbriod. 

Surf. Pit. %^; Surf. Plt. ^ Surf. Pit. §S^- 

irlt. Plt. Pit, 



E.W. Comp. 28. 10. 2.8 .35 I. .4 i.i 1.8 .6 

N.S, Comp. 30. 17. I. .33 ,6 .6 .1 i. i. 

E. W. C0MP0NXNT. 

No. Ahplitudb. Pbriod. Max. Vbl. Max. Acc. 

Sarf. Plt. ^' Surf. Plt. ^- Surf. Plt. ^- Surf. Pit. ^- 

i... .25 .46 0.5 1.5 1.5 i.o i.i 1.9 0.6 4.4 8. 0.6 

2... .08 .1 0.8 .6 .7 0.9 .8 .9 0.9 8.8 8.1 i.i 

3... .09 .22 0.4 1.4 1.5 0.9 .4 .9 0.4 1.8 3.9 0.5 

4... .09 .15 0.6 1.2 1.3 0.9 .47 -730.6 2.5 3.6 0.7 

5... .12 .21 0.6 .73 .76 i.o I. 1.8 0.6 9^ 15. 0.6 

6... .05 .07 0.7 .5 .57 0.9 .6 .8 0.8 7.4 8.5 0.9 

^■i^BI^^^^B ^H^»^^^^ w^^M^H^B» WWiMM 

Avera^e ... 0.6 9 0.7 07 
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N.S. GOMPONENT. 



No. 


Amplitudb* 


F 


V.KI0E 


\. 


Max. Vbl. 


Max. Acc. 




Surf. 


Pit. 


Surf. 
Pit. 


Surf. 


Pit. 


Surf. 
Pit. 


Surf. 


Ui. Surf. 


Surf. 


Pit. 


Surf. 
Pit. 


I... 


.17 


.19 


0.9 


.56 


.69 


0.8 


1.9 


1.7 I.I 


21. 


15- 


1.4 


2... 


.2 


.25 


0.8 


•5] 


.42 


1.2 


2.5 


3-8 0.7 


31. 


58. 


0.5 


3** • 


.1 


.15 


0.7 


.46 


I.O 


•5 


1.4 


•95 1-5 


19. 


6. 


3-2 


4->** 


.08 


.1 


0.8 


•54 


.6 


•9 


•9 


I. 0.9 


II. 


II. 


I.O 


5" • 


.13 


•15 


0.9 


.7 


.66 


i.i 


1.2 


1.4 0.9 


II. 


13- 


0.8 


6... 


.1 


.14 


0.7 


.6 


.66 


0.9 


I.O 


1.3 0.8 


II. 


12. 


0.9 


7... 


.11 


.15 


0.7 


.8 


I.O 


0.8 


•9 


•95 i^o 


6.9 


6. 


1.2 


o... 


.05 


.1 


0.5 


•44 


•53 


0.8 


•7 


1.2 0.6 


10. 


14. 


0.7 


9... 


.17 


.2 


0.9 


.66 


.6 


i.i 


1-7 


2.1 0.8 


17- 


22. 


0.8 


10... 


.1 


.15 


0.7 


.6 


.6 


1.0 


I.O 


1.6 0.6 


II. 


17^ 


0.6 


II... 


.19 


.18 


I.O 


•5 


.48 


I.O 


2.4 


2.4 i.o 


30. 


32^ 


0.9 


12... 


.06 


.08 


0.8 


•5 


•57 


0.9 


.8 


.9 0.9 


10. 


9-7 


I.O 


13. •• 


.06 


.06 


I.O 


•45 


.43 


I.O 


.8 


.9 0.9 


12. 


13. 


°g 


14... 


.09 


.16 


0.6 


.6 


.71 


0.9 


•9 


1.4 0.6 


10. 


12. 


0.8 


15..- 


.07 

erae 


almost 
nul. 

e 


— — 


•45 


•44 


1.6 


I. 


« t ■ • • \J»\1 • 


13. 


• • • • • • 


^™ 


Av 


• .0 . 


0.0.. 


i.i 



(10,)— -Deeember i6th, 1887.— An earthquake of raoderate 
intensity. At a glanee, the motion on the surface appears to 
be larger and more irregular than that in the pit. 



E.W. Comp. 
N.S. Comp. 



Surf. 

41. 
41. 



M. 

Plt. 

20. 
18. 



AVBR. PuKIOD. 
Surf. 



T^ Surf. Pit. 
2. .24 .5 
2. .24 .67 



Pit. 

•4 



No« Amplitude. 

Surf. 



I... .77 

2.r* .2 

3... .25 

4... .07 

6... .14 

7... .15 



Surf. Plt. 

•7 

•25 
.22 

no. 



.14 
.14 
.18 



Pit. 
I.I 
.8 
i.i 

•7 
i.o 

.8 



e.w. c0mp0nbnt. 
Period. Max. Vel. 



Surf. 

•9 

.5 

.65 

.2 

.5 
.7 

.6 



T>* Surf, 



•9 

.8 

.8 

•7 

•7 
1.2 



I.O 

.6 
.8 

•7 
i.o 

•5 



Surf. Pit, ^* Surf. Pit 

5.4 4.9 I.I .38. 

2.5 2.0 1.2 31. 

2.4 1.6 1.5 23. 

2.2 — — 70. — 

1.3 1.3 I.O 16. 12. 
1.3 1.3 I.O 12. 12. 

1.6 .9 1.8 17. 5. 



Max. Acc. 

S urf. 
1>it. 

34^ i.i 
16. 2.0 
22. I.O 



1.3 
I.O 

3.4 



Average ... .9 



tt< 



.8 



1.3 



••••••...... 



1.6 



• 22 eOMPARISON 0F EARTHQUAKE MEASUREMENTS : 

N.S. COMPONENT. 

No. Amplitudb. Pbriod. Max. Vbl. Max. Acc. 

c .« u* Swt. Surf. Surf, _ - _. Surf. 

Surf. Pit. -p.^- SuTf. Plt. pi^ Surf. Pit. -pj-j— Surl. Pit. -j>j|^ 

I... -55 -53 10 «53 -53 i-o 6.5 6.3 i.o 77. 75. i.o 

2... .3 .24 1.2 .55 .72 .8 3.4 2.1 1.6 38. 18. 2.1 

3..' -33 -05 6.6 .4 .42 i.o 5.2 .757. 82. II. 7.5 

4- • 25 .25 i.o .5 .54 i.o 3.2 2.9 i.i 41. 34. 1.2 

5... .25 .15 1.7 .55 .8 .7 2.9 1.2 2.4 34. 10. 3.4 

6... .24 .1 2.4 .8 .67 1.2 1.9 .95 2.0 15. 9. 1.7 

7... .16 .03 5.3 .25 .26 1.0 4.0 .73 5-5 100- j8. 5.5 

8... .2 .11 1.8 .42 .83 .5 3. .8436 45. 64 7.0 

Ayeiage ... 2.6 09 3.0 3.7 

(11.) — January 11 th, 1888. — A very small earthquake. In 
eaeh eomponent on the surface, the maximum amplilude is o.i 
mm. ; while for the motion in the pit, it is not greater them .06 
mm. The motion seems here to be mueh more pronouneed 
on the surface than in the pit. 

(12.) — April 5th, 1888. — A tolerably severe earlhquaVe, in 
whieh the amplitude is not very large, but the vibrations are 
very quick. 

The difference of appearanee belween the surface and the 
pil diagrams is striking, the sniall sharp vvaves whieh exist in 
the former being mostly flattened in the iatter. 

n. AveR. Period. 

Surf. PH. -pj^ Surf. Pit. -pj^ 

N.S. Comp. 54. 25. 2.2 .19 .4 .5 
E.W. Gonip. 57. 25. 2.3 .18 .4 .5 

E.W. GOMPONENT. 

NO. Amplitude. Pediod. Max. Vel, Max. Acc» 

Surf. Pit. ^' Surf. Plt.-^^; S«rf. Pit. ^^' Surf. Pit. ^' 
1... .4 .35 1.1 .7 -6 .9 36 2.7 1.3 32. ^2. 1.5 

2... .65 .37 1.7 52 .65 .8 7-8 3-6 2.2 95. 34. 2.8 

3... .3 .1 3.0 .2 .3 .7 94 2.2 4.3300. 50. 6.0 

4... .35 - — -33 - - 6.7 - - 1^0. -- - 

S... .35 .25 1.4 .24 .42 .6- 9. 3.8 2.3240. 60. 4,0 

Average ... 1.8 8 2.5 3.6 
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N.S. C 




NRNT. 








Ampi.itu 


E. 


Period 




Max. Vfl. 


M 


*x. Acc. 




PiC. 


Sart. 


Surf. 


Pii. 


Surf, 


s.„.P„.S- 


Surl 


Pit. 


Sutf. 

Tit: 


4 


■38 


1.1 


-43 


-53 


0.8 


6 45 "-S 


90. 


53- 


17 


3 




3-0 




.27 


0.8 


9. 2.3 4-0 


270. 


53- 


S" 




,08 


2.8 




■3 


0.7 


7. i? 41 




35- 


6-3 


65 


■35 


1.9 


■71 


■ 7 




5-7 3-3 1-8 


50- 


29. 


17 


S 


.26 


1-9 


■47 


■ 7 


07 


6.7 2,3 3.0 


90, 




4.3 




.z6 


0.8 


.27 


56 


0-5 


4-7 2-9 '-6 




32- 


34 


'5 


■15 




.24 


■35 


0.7 


3-9 2-7 '5 




49- 




24 


■'5 


1.6 


.24 


■44 


o-5 


6-3 a.2 2-9 


65- 


32- 


5-2 


18 
3 
3> 


:S 


0.8 


.24 


■45 


0.5 


4 7 32 1.4 




45- 


2,7 


■7 


-75 


o.g 


2.8 1.7 1.7 


25- 


14. 


1.8 








.24 


■56 


0.4 


53 2.3 2.3 


40. 


25- 


5-6 


25 


•'5 


1-7 


■47 


.8 


0.6 


3.4 1-2 2.8 


46. 


9- 


51 


4 


.18 


















34 


■^a 


1-7 

0.9 


~ 


z 


~ 


_ _ _ 


"~ 


~ 


~ 


3 
ee.. 


.18 


1-7 
1.6 


-73 


■7 


7" 


2.6 1.6 1.6 


22, 


'S- 


1-5 
:l6 



(13.) — April 29ih, 1888. — A severe ear[liqiiake. This ia 
yer; like the pieeeding one, but mueh tnore intense. The 
beginning portions of both sets of diagiains are given in FI. 
XXXVII., Fig. 5 and Fjg. 6. The glass plate of the surface- 
ground instrument made one revoliition in 33 see, and ihat of 
the pit instrument in 70 see. In tlie early part of ihe slioek, 
the vibrations are very quick, and with the eseepiion of the 
wave marked A in ihe E.W. eomponent there is no promi- 
nenlly large wave, though the n'pples are dieiributed more or 
less in groups. Here again the pit diagram appears mueh 
smooiher than ihe 8urface one ; eompare, for instanee, the 
poriions marked a, b, c, d, e, f, g, in ihe E.W, eomponenl. To- 
wards (he end, the motion beeomes slow. 



MENT. 




AVEB 


PKHIOD. 


S«.t. 


Pil. 

■■ 33 



34 eOMPARISON 0F EARTHQUAKE MEASUREMENTS: 



(I.) — RlPPLES. E.W. C0MP0NENT. 



No. Amplituob. 

Surf. 



Surf. 



I... 

^ • . . 

3 » • • 

4... 

5' • • 
6... 

7... 

9... 
10... 
II... 



Pbriod 

Pit 5'^- 
^'*- P.t. 



Max. Vkl. 

Surf. 

"?it: 



Surf. Pit. 




Max. Acc. 

Surf. 



Surf. Pit. 



6. 2.5 410. 170. 
1.3 7-3 300- 4O' 

270. 

3.0 4°°- 

"^ 220. 

210. 

4.7 3.9690. 

8 4 6.9 1.2 180. 190. 

4.3 4.1 i.i 62. 60. 

13. 3.2 4.0320. 25. 

13. 6.2 2.1 300. 80. 




2.4 

7-5 
12.0 

II.O 

i.o 

I.O 

15-0 



«wer ei^ ^ •••■•• ^ • ^ ••■•■•■■•■■•••• v/bO ••■•■■■•••••••• ^3"^ ••■•■•••••••••• \jp / 



(II.) — Large Waves. E.W. Gomponent. 



No. Amplitude. Period 


• 


Max. Vel. 


Max. Acc. 




_ Surf. _ 




Surf. 


-. Surf. 


Surf. 


Surf. 


Pit. ^j^Surf. 


Pit. 


Pit. 


surf. Pit. %; 


surf. pit. ?^^; 


I...2. 


1.65 1.2 I. 


.8 


1.3 


13. 13. I.O 


80. 94. 0.9 


2... .42 


•35 1.2 .5 


.5 


I.O 


5.3 4-4 1.2 


66. 55. 1.2 


3..-. -57 


•7 0.8 .93 


•9 


I.O 


4- 5. 0.8 


26. 34. 0.8 


4... -63 


.85 .7 I- 


I. 


I.O 


4. 5 3 0-8 


25- 33. 0.8 


5'" '53 


.58 .9 1.2 


i.i 


I.I 


2.8 3.3 0.9 


15. 19. 0.8 

• 


Aver, 


age... i.o ...... 




. I.I 


0.0 


0.0 



(III.)— RippLES. N.S. Gomponent. 



No. Amplitude. 


Pehiod 




.M 


Ax. Vkl. Max. Acc. 


c e Tt'*. Surf. 
Surf. P.t. -^ 


Surf. 


Pit. 


Surf. 
Pit. 


Surf. 


_,.. Surf. _ , _.. Surf. 
P.t. ^.^ Surf. P.t. p.^^ 


I... .27 .18 1.5 


.22 


.23 


1.0 


7.7 


4 9 1.5 220. 130. 1.7 


2... .6 .55 I.I 


.32 


•43 


07 


12. 


8. 1.5 240. 120. 2.0 


3... .55 .31 1.8 


•3 


.35 


0.8 


12. 


5.6 2.1 240. 100. 2.4 


4..- -37 -2 19 


•25 


.35 


0.7 


9-3 


36 2.6230. 65. 39 


5... .54 .04 14. 


.4 


•3 


1-3 


«•5 


0.8 II. 130. 16. 8.0 


6... .58 .15 3.9 


.24 


.3 


0.8 


15- 


3.2 4.9 400. 68. 6.0 


Averaee 4.0 






. o.o 




.-^.0 4.0 
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(IV.)-- l.ARGE 


Waves. 


N.S. 


GOMPONENT. 




NO. AmPLITUDE. PliRIOD. 


Max. Vel. 


Max. Acc. 




Siirf. „ 


Surf. 




Surf. 




Surf. 


yurf. 


Pit, pj^ Surf. 


P't- Pit. 


Surf. 


P'^- Pit. 


Surf. 


* '*• Pit. 


I... .75 


.55 1-4 -6 


.58 I.O 


7-9 


6. 1.3 


82. 


65. 1.2 


2... .78 


.53 1.5 1-3 


1.2 I.I 


35 


2.8 1.2 


16. 


15- i-i 


3... .8 


.6 1.3 1.4 


1.2 1.2 


3.6 


3.1 1.2 


16. 


16. I.O 


4.. .1.05 


.85 1.2 1.2 


I.O 1.2 


5.5 


5-3 i.o 


29. 


34. -9 


5- 45 


.45 I.O I.I 


I.I I.O 


2.6 


2.p I.O 


15- 


15. I.O 


6... .75 


.75 i.o 1.7 


1.6 I.I 

• 


2.8 


3- -9 


10. 


II. .9 


7... .52 


•45 1.2 i.i 


I.O I.I 


30 


2.8 i.i 


17. 


18. .9 


8... .55 


.53 i.o 1.3 


i.o 1.3 


2.6 


3-3 .8 


12. 


21. .6 


9." «75 


i.o .8 2. 


2. I.O 


2.3 


31 .8 


7.4 


9.6 .8 


Avera 


ge 1.2 


I.I 




I.O 




0.0 



In (I.), the lipples numbered 3, 4, 5, 6, whieh are dislinot on 
the surface, have united into one wave in the pit. In taking 
the ratios of maximum velocities and maximum aeeeleralions, 
this single wave is eompared with the greatest of the eorres- 
ponding ripples. 

(14.) — June 3rd, 1888. — An earthquake of moderate am- 
plitude. 

N.S. GOMPONENT. 

n. AvER. Period. 

c r -ni. Snrf. -, Surf. 

Surf. Pit. -Tw- Surf. Pit. 



Pit. ^"'" *"■• Pit. 

35 17 2 3 .6 5 

No. Amplitude. Period. Max. Vel. Max. Acc. 

c ri-i. Surf. _ Surf. e. . „.. Sarf. _ , Surf. 

Surf. Pit. -TTT— Surf. Pit. -nr— Surf. Pit. ..■ Surf. Pit. ...^ 
Pn. Pit. Pit. Pit. 

I... .3 .4 08 1.2 1.2 I.O 1.6 2.1 0.8 8.5 II. 0.8 

2... .5 .45 i.i 1.5 I. 1.5 2.1 2.8 0.8 8.8 17. 0.5 

3... .46 .32 1.4 l. I. I.O 2.^ 2.0 1.5 18. 13. 1.4 
Aveiage i.i 1.2 1.0 0.9 

E.W. GOMPONENT. 

Max. Amf. 

_ , _. Surf. 

Surf. Pit. 'piT" 

I I 95 i.i 

(15.) — OeloLL-r 20th, 1888. — A small earlhquake. In this 

ease the amplilude seems to be mueh greater in the pit than 

on ihe surface. 

n» AvEK. Period. Max. Period. 

r, <. -r^. Surf. „ , ^. Surf. _ , _. Surf. 

Surf. Pit. -^ Surf. Pit. -p-p Surf. Pit. -pr^ 

E.W. Comp. 31. 20. 1.6 .33 .5 0.7 .6 9. 0.7 
N.S. Comp. 28. 21. 1.3 .45 .5 0.9 .5 6. 0.8 



36 eOMPARISON 0F EARTHQUAKE MEASUREMENTS : 



No. 



Amplitudb. 

Pit. ^^"^^- 



E.W. GOMPONENT. 

Period. 



Surf. 



I... .12 

2... .1 

3... .06 

4i>> • lo 

5... n 

6... .14 



pit. 

.2 06 

.2 0.5 

.21 0.3 

.26 0.7 

.21 05 

.21 0.7 



Surf. 

•7 
5 



Pit. ^:?^ Surf. Pit. 



Max. Vel. 

Surf. 



Max. Acc. 

Surf, Pit. 



Pit. ~ Pit. " Pit. 

.9 0.8 I.r 1 4 0.8 10. 10. 10. 
.7 0.7 1.3 1.8 0.7 16. 16. 10. 



Aveiage 0.6 0.8 0.8 

N.S. GOMPONENT. 



1.0 



No. Ampmtude. 



Period. 



Max. Vkl 



Max. Acc. 



I... 

^ . . . 

3" • 
4<.> 

6... 
7... 

o.. . 

9... 

10... 



Surf. 

16 

I 

I 

I 

I 

I 

3 
II 

I 

I 



Pit. 

.15 
.2 

.2 

.16 



SMrf. 
Pit. 
I.I 

05 

0.5 

0.6 
.16 0.6 
.21 0.5 

•4 
.28 

•27 
.25 



Surf. 

•4 
•4 
•7 
.4 
.5 
•5 



Pit. 
.5 

.6 

.5 
.5 
.5 
•5 



Surf. 
Pit. 
08 
0.7 
1.4 
0.8 
I.O 
I.O 



Surf. Pit. 



Snrf. 



Surf. Pit. 



Pit. 

25 1-9 1-3 39- 24. 

1.6 2.1 .8 26. 22. 

0.9 2.5 0.4 8. 31. 

1.6 2.0 0.8 26. 25. 

1.3 20 0.7, 16. 25. 

1.3 2.6 0.5 16. 32. 



Surf- 
Pit. 

1.6 
1.2 

0.3 
I o 

0.6 
0.5 



0.8 

0.4— — ^__— — — — 

0.4 — — — — — — — — — 



Average 06 i.o 0.8 0.9 

(16.) — November 2nd, 1888. — A small earthquake. The 
pit diagram is mueh smoother than the surface one. 



Surf. 
"Pit. 



Max. Ampl. 

Surf. Pit. 

E.W. Gomponent 19 16 1.2 

N.S. Gomponent 15 14 i.i 

(17.) — January ist, 1889. — A small earthquake. 



Surf. 



Max. Ampl. 

Pit. 



Surf. 
Pit. 



N.S. Gomponent 04 05 i 

(18.) — Pebruary i8th, 1889. — A severe earthquake, in whieh 
there was a eonsiderable amount of vertical motion. The 
earlier portions of the diagrams of the E.W. eomponent are 
given in Pl. XXXVII., Fig. 7. The glass plates of the surface 
and pit instruments made revo1utions in 108 see. and 95 see. 
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respeciivd)', Tiie periods of 
the nioiion oii Ihe surface 
Ihe pil. 



the yibration are very sliott, and 
to be mueli sliarper tban in 



E.W. CoMP. N.S. 


roM 




Su.r. Pi.. ^- S.rU 




pit 


TiT 


»1 46 28 i.s 50. 




. ^o. 


1-7 


" 35 21 1-7 49- 




■ 23- 


a.i 


.«= ^o 15 1.3 39. 




. 14- 




W, 19 19 I.Q 10. 




. ao. 


1-3 


" '' " II 'S- 






9 


In iliis table «1 h, are the number of 


iregular 


wavelets i 


liie successive 10 see. mtewals. 








(I.) RlPPLES. E.W.OOMP 


HB 


T. 




No. Amputudb. Period. Max. 


Vk 




M»x. Acc. 





2,0 480. 


Z20. 


7- 


1.9250. 


100. 


7- 


2.8 340. 




4-4 


i.t, 17... 




».4 


1.6 150. 


100. 



_ .18 — — 



.26 


.64 


0.4 


10. 


6. 3.2 460. 


60. 


.10 


,h 


o.f> 










■2 


I.O 


9- 


1.9 4-7 280. 








0.4 


















■^o. 


■'i'i 


■=i« 






8.2 1.2 110. 


00. 


■T 


.S8 


o.-i 




6.0 1.8220. 




■'i 


.« 


i-'i 


(.. 


6. 1.0 80. 




.0 


.8 


0.8 




4.4 2.0 92. 




■4 


■5 


1.0 


5- 


3,6 1.4 78- 


50- 



38 eOMPARISON 0F EARTHQUAKE MEASUREMENTS : 



No. Am 

Surf. 
2... 1.7 

3.-I-75 

4<< •2« 
5... 1.4 

6... .92 
7... -8 
8... 1.4 
9. ..1.8 
10. ..2.05 

II. ..1.45 
12. ..1.2 

13. ..1^.4 
14... 1.65 

15 •■2.2 



Pit. 

2. 
1.4 

1.5 
1.6 

I. 

•95 
.92 

i.i 

1.35 

175 

•9 
.8 

1-3 
I. 

1.25 



Surf. 



_. Surf. 



(II.) Laroe W.wes. E 

PLITUDB. PbDIOD. 

S«rf. 
Pit. 

2.1 — 

1.2 1.5 
.72 

2. 

2.5 
I.O 

1.4 
1.4 
2. 



.vv. gomponbnt. 

Max. Vbl. Max. Acc. 

« , «... Surf. _ , _,^ Surf. 

surf. pit. -YiT. ^^^^' ^'^' "piir 



1.2 
1.2 
1.4 
I.O 

.9 
1.3 

1-3 
1.2 39 

1.6 2. 



1.5 
i.i 

!•? 

1.8 



1-7 
2.7 

3- 
2.4 



1-7 

•79 
2. 

2.4 
i.o 

1.3 

1-3 
1.9 

3.7 

19 

1-7 

3- 

3- 
2.6 



0.9 
0.9 
10 
1.0 
i.o 
i.i 
i.i 

I.O 
I.O 
I.O 
I.O 

0.9 

I.O 

0.9 



7-1 
15. 
6.3 
3-5 
58 
3-6 

6.3 

5^7 

3-3 
4.6 

4.5 
3-3 
3-7 
5.8 



5.2 

12. 

5^ 
2.6 

6.0 

4.5 

53 

4.5 

3- 

3- 

3. 
2.7 

2.1 

32 



1.4 30. 
1-3 130- 



Average 1.4 i.o. 



1-3 
13 
i.o 

0.8 
1.2 

1-3 
i.i 

1-5 

1.5 
1.2 

1.8 

1.8 

1-3 



20. 

9- 

37- 
16. 

28. 

18. 

5.3 
15- 

17' 

8. 

8.3 
15- 



19. 
96. 
16. 
6.8 

38. 
22. 
26. 

15- 

5-1 
10. 

II. 

5.6 
4.4 
8.2 



1.6 

1.3 
1.2 

13 
i.o 

•7 
i.i 

1.2 

i.o 

15 

1.5 

1.4 
1.9 

1.8 



1.3 



No. Am 

Surf. 



(III.) 

PLITUDB. 

Surf. 



Pit. 



RlPPLBS. 

Period. 

Surf. Pit. 



N.S. GOMPONENT. 

Max. Vel. 



Snrf. 




Surf. Pit. 



Surf. 



Max. Acc. 

Surf. 



Si:rf. Pit. 



Fit. 

8.5 1.5 180. 100. 
14. 1.3 500. 150. 

2.5 5.0 400. 70. 
14. I.I 320-. 290. 

— — 700. — 



Pit. 

1.8 

3-3 

5-7 
i.i 



5. 2.8 270. 34. 8.0 
3. 4.7 600. 60. 10. 
6-3 2.4550. 66. 8.3 

7. 2.0 290. 87. 3.3 

3. 6.0 800. 80. 10. 
9. 0.8 93. 140. 0.8 

6. 1..3 iio. 80. 1.4 

8. i.i 150. 120. 1.3 
5. 1.4 100. 74. 1.4 

4. 1.5 48. 46. i.o 



— — 190. — — 

9.7 1.2 140. iio. 1.3 

9. 1.9 450^ 150- 3-0 

8.8 2.0 460. 180. 2.5 



Average 1.6 



.8 



2.2 



3.8 
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1 


(IV.) Large 


Waves. 


N.S. 


GOMPONENT. 






I...2.75 


2.3 


1.2 1.6 


1.6 


1.0 


II. 


9- 


1.2 44. 


35- 


1.3 


2. ..2. 9 


33 


.9 2.0 


1.9 


1.0 


9.1 


II. 


0.8 29. 


37- 


0.8 


3". .^ 


7- 


i.i .6 


.42 


1.4 


B.4 


II. 


0.8 88. 


170. 


0.5 


4... .5 


.25 


2.0 .6 


'7 


0.9 


5-3 


2.3 


2.3 56. 


21. 


2.7 


5... -85 


.63 


1.4 .74 


.66 


i.i 


7.2 


6. 


1.2 61. 


57. 


i.i 


6... .85 


.8 


i.i .6 


.8 


0.8 


8.9 


6.3 


1.4 93- 


50* 


1.9 


^..1.4 


1.25 


1.2 .8 


.8 


I.O 


II. 


9.1 


1.2 87. 


72. 


1.2 


8... 1.4 


.7 


2.0 i.i 


1.2 


0.9 


8. 


3-7 


2.2 46. 


19. 


2.3 


9. ..1.65 


1.4 


1.2 ,^1 


.8 


I.O 


14. 


II. 


1.3 IIO. 


87. 


1.3 


10... 1.45 


i.i 


1.3 


— 


"— 


— 






" ■ ■ 


■— " 


Averac 


re 


« 

I.-^ 




I.O 






1.2 




. w 



The ripples numbered 16, 18, 19 in (I.) and those numbered 
5, 19 in (IIl.), whieh are distinet on the surface, do not exist 
in the pit. 

(19.) — May 6th, 1889. — A small earihquake, on whose un- 
dulations are superposed minule irregularities. Here the mo- 
tion appears to be rather greater and of longer duration on the 
surface than in the pit. | 

n. AvER. Period. 

Surf. Pit. "Trt" Surf. Pit. 'pTT" 

E.W. Gomponent. 43. 33. 1.3 .23 .3 0.8 
N.S. Gomponent. 50. 22. 2.3 .2 .4 0.5 

E.W. GOMPONENT. 



Jo. A 


MPLITUDE. 


F 


*ERIOD 


■ 


Max. Acc. 


Max. Acc. 


Surf. 


Pit ^"'■^- 
^'^- Fit. 


Surf. 


Pit. 


Surf. 
Pit. 


Surf. 


Pit ^"'^- 


Surf. 


Pit ^"'^- 
*^"- Pit. 


I... .1 


.1 1.0 


I.O 


•7 


1.4 


.6 


.9 07 


4. 


8. 0.5 


2... .05 


.05 1 .0 


13 


1-7 


0.8 


.2 


.2 I.O 


I. 


.7 1.4 


3... .07 


.07 I.O 


1.6 


1.4 


1.2 


.3 


.3 10 


I. 


1.5 0.7 


4... .08 


.09 0.9 


1-3 


1.4 


09 


.4 


.4 I.O 


2. 


2. i.o 


5... .05 


.07 0.7 


1-3 


1.4 


09 


.24 


.320.8 


I. 


1.5 0.7 


6... .05 


.06 0.8 


I.O 


1.2 


0.8 


.3 


.3 I.O 


2. 


2. I.O 


Aveiae 


e 0.0 


, I.O 


o.o 


0.0 



N.S. GOMPONENT. 

Max, Ampl. Period. Max. Vel. Max. Acc. 

e r 151* Surf. « , _ Surf. _ . _,. Surf. _ . _,., Surf. 

Surf. Pit. -=-- Surf, Pit. ^5^— Surf. Pit. -^r— Surf. Pit. -.^ 

Pit. Pit. Pit. Pit. 

.13 .09 1.4 .8 .5 1.6 I. i.i 0.9 8. 14. 0.6 



40 eOMPARISON 0F EARTHQUAKE MEASUREME^ITS : 

(20.) — May 30th, 1889. — A. small earthquake. 

n, AvKK. Period. 

r^ , «. Snrf. „ , ^. Siirf. 

Surf. Pit. -p7j- Surf. Pit. ^pr^ 

N.S. Comp. 32. 21. 1.5 .3 .5 0.6 

Max. Amp. Period. Max. Vel. Max. Acc. 

c -« D'». Snrf. - . _. Surf, „ . _ Surf. « , Surf. 

Surf. Pit. .,. Surf. Pit, -rrrr- Surf. Pit. -577- Surf. Pit. -^77— 
trit. r^it. rie. "it« 

E.W. Comp.o.8 .1 0.8 .33 .46 0.7 1.5 1.4 i.i 28. 20. 1.4 
N.S. Comp. .3 .152.0 .9 .4 2.3 2.1 2.4 0.9 15. 38. 0.4 

(21.) — June ist, 1889. — A very small earthquake. 

In the E.W. and N.S. Components of both the surface and 
pit diagrams, ihe maximum amplitudes are about .03 mm. and 
.02 mm. respectively. 

(22.) — ^June 3rd, 1889. — A very small earthquake. 

In the E.W. Component of both the surface and pit dia- 
grams, the maximum amplitude is about .03 mm. 

N.S. C0MP0NKNT. 
Max. Ampl. Pkkiod. Max. Vel. Max. Acc. 

e t r»-.. Surf. Siirf. Surf . _ Surf. 

Surf. Pit -prr- Surf. Pit. ■■^t— Surf. Pit. -pr— - Surf. Pit, -pT— 

.1 .05 2. I. .7 1.4 .6 .5 I. 4. 4. I. 
(23.) — June i^th, 1889. — A small earthquake. 

Max. Ampl. Period. Max. Vel. Max. Acc. 

^ , «.. Surf. ^ , ^. Surf. ^ , „. Surf. „ ^ „. Surf. 
Surf. Pit. -pr^ Surf. Pit. -pT^ Surf. Pir. -pj^ Surf. Pit. -p^- 

E.W. Gomp. .07 .07 i.o .8 .8 i.o .55 .55 i.o 4.3 43 i.o 
N.S. Conip. .07 .05 1.4 i.o .6 1.6 .44 .53 0.8 2.8 5.6 0.5 

(24.) — June i6lh, 1889. — A small earthquake. 

E.W. Component. On the surface, the maximum ampli- 
tude is not greater than .02 mm., and in the pit it is about .05 
xnm. 

N.S. Component. On ihe surface, the maximum amplitude 
is about .07 mm., and in the pit it is about o.i mm. 

(25.) — June 20th, 1889. — A small earthquake. In this 
ease, the amplilude seems to be rather greater in the pit than 
on the surface. 



^^ 
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n. AvBR. Pkriod. Max. Puriod. 

Surf. Pit. ^- Surf. Pit. ^' Surf. Plt. ^""'^- 



»it. "" Pit. * Pit. 

E.W, Co!Tip. 35. 25. 1.4 .3 .4 .8 — — — 
N.S. Coinp. 48. 21. 2.3 .2 .5 .4 .6 .7 .9 

Max. Ampl, Period. Max. Vel. Max. Acc, 

r^ e T>.a. Surf. - - _.. Siirf. „ - «.. Snrf. e - -,.. Surf, 
Surf. Pit. -sr— Surf. Pit. -57— Surf. Pit. -r^T— Surf. Pit. -5-7- 
Pit. Pit. Pit. irit. 

E.W. Comp. .08 .14 0.6 .5 .7 .7 I. I. I. 13. 12. I. 
N.S. Conip. .07 .II 0.6 .4 .5 .8 i.l 1.4 .8 17. 18. I. 

(26.) — June 27th, 1889. — A small earthquake. 

Max. Ampl. Period. Max. Vbl. Max. Acc. 

a /r Ti'M. Snrf. „ - -,.. Surf. -» , _.., Snrf. « - „. Surf. 
Surf. Pit. -rrT— Surf. Pit. — -- Surf. Pit. ^.^ Surf . Pit. p.. 
Pit. Pit. Pit. Pit. 

E.W. Conip. .1 .05 2. 1.4 1.2 1.2 .5 .3 1.7 2. 1.3 1.5 

N.S. Comp. .1 .03 3. 1.2 .5 2.4 .5 .4 1.3 2.7 4-8 0.6 
(27.) — July 3rd, 1889. — A small earthquake. 

In the E.W. Component, the maximum amplitude is .13. 
mm. on the surface, and .1 mm. in the pit. 

(28.) — February i^th, 1890. — A very small earlhquake. 

E.W. Component. Both on the surface and in ihe pit the 
maximum ainplitude is not greater than .05 mm. 

N.S. Component. Both on tlie surface and in Ihe pit, the 
maximum amplitude is aboul o.i mm. 

(29.) — April iith, 1890. — A small earthquake. 



MaX' Ahpl. 

Surf. Pit. 



Surf. 



Pit. 

E.W. Component 13 15 0.9 

N.S. Component i 06 1.7 

(30.) — April i8th, 1889. — A very small earthquake.^ 

Max. AmpI* 

Surf. Pit. ' ^' 

Pit. 

E.W. Component 07 04 ...... 2. 

N.S. Component 06 ... very small ... — 

SUMMARY 0F ReSULTS. 

It is generally believed that the earlhquake motion is eon- 
siderably less in a pit than on the surface. From the forego- 
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ng ealeulalions it seems probable ibat ihis is true for some 
earlhquakes and not true for others. Among the thirty earth- 
quakes \ve examined, there are three whieh were espeeially 
severe. These are (i), (13), and (18). The rest are small 
earthquakes of ihe kind that daily oeeur in Japan. The ratios 
of the amplitudes, periods, maximum velocities and maximum 
aeeelerations for sonie of these latter earthquakes as observed 
on the free surface ground to those observed in the pit are 
eolleeled in the foIlowing table, average values being used 
Yihen a number of waves have been ealeulated for a single 
earthquake. 

RaTIO 0F RaTIO 0F RaTIO 0F RaTIO 0F 

(No.) Amplitudes, Periods. Max.Vel.Max.Acc. 

E.W. N.S. E.W. N.S. E.W. N.S. E.W. N.S. 

^ • •••■*•••••••••• ^^" ••A ^»/ >•• " • • • «O.g ■ ■ • • • ^ •^# • • • * • 3 * 

4 i<o ...1.2. ..1.5... .7... .6... 1.6... .44 2.2 

^. .i.............il.*^ » 9 m *■ t\J t ..W'W... w. J«.. ^.^/«..iS.Sa.. X.Oa.aS m\J 

f * ...■••..••.•...X ^\J •(. l.X ...X '\J ^ . . \Jt\J a . . X .V/ # .. X.A.,. X m\J ... l m A 

8 i.i ...0.9...1.0...0.6...1.2...1.5...1.3...2.7 

9 0.6 ...o.8,..o.9,..o.9...o.7,..o.9...o.7...i.i 

10. •...,..... 0.9 ...2.o...o«o,,,o 9*** 1*3***3*******3*/ 

12 1.8 ...1.6. .,0.8,.. 0.7,.. 2. 5,,. 2. 3... 3. 6... 3.6 

*^^ ••••••••••••■••^•L •••X^X»«« " as«X«^ga« •••A« V,^ • • • ^"^" • ■ • ^^ • W 

15 0.6 ,,.o.6,.,o.8...i.o...o.8...o.8.,.i.o.,.o.9 

Xv/, ............ ■•.X.^ ••.X,X... • • . "• . . . . ■ "~" ... ^~~ ... """" 

19 0.9 ...i.4...i.o...i.6,..o.9.,,o.9,,,o.9,..o.6 

20. 0.8 ...2.o...o.7...2.3.,,i.i...o.9,,,i.4,,,o.4 

"". ......•*•...... """ • . . " • W ... • .. X.^a,a "^" , , a X t\J « , , "^~~ , , . X t\J 

23 1,0 ,,.I.4,,,I.O,,,I.6a..Ia0...0.8...I.O...Oa5 

25 0.6 .a.o.6..a0.7,..o.8.a.i.o...o.8...i.o..,i.o 

26 2.0 ,.,3.o,..i.2,.,2.4,..i.7,.,i.3.,,i.5...o.6 

^/. ••.•........... x.^ ... 

29 0.9 ...1.7... 



••• ••• ••• ••• ••• ••■ 



••• ••• ••• ••• ••• 



Ayerage i.o6a..i.4...o..9...i.^...i.2...i.4...i*3...i*9 

Average for bolh ") , 

Componenls. J '••^"^ ^'^ ^'^ ^ ' 

This table seems.to show that for small earthquakes the am- 
plitude and the period are on the whole nearly the same on the 
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free surface and in the pit, there being a slightly greater mo- 

tion on the surface. This eonlirms the results whieh Frofessor 

Milne had previously obtained. In the above are not ineluded 

those very small earthquakes, whosemeasurementsare difficult; 

these, however« show that the motion in the pit is also smal- 

when the motion observed on the surface ground is small. 

It must be notieed that the diagram taken in the pit appears 

always to be smoother than that obtained on the surface, and 

n, or the number of irregular wavelets oeeurring in 10 seeonds, 

is found in every ease to be greater for the latter, being often 

twiee as many as for the former, This is very remarkably 

shown in the three severe earthquakes mentioned above, for 

whieh ealeulations have been made separately as regards large 

undulations and small superposed ripples. The ratios ot the 

amplitudes, periods, maximum velocities, and maximum aeeell 

erations for the surface and pit motion of these three earth- 

quakes are given in the foIiowing tables : — 

(I.) Largk Undulations. 

Ratioop Ratioop Ratio of Ratio of 
No. Amplitudes. Pbriods. Max. Vel. Max. Acc. 

E.W. N,S. E.W. NvS. E.W. N.S. E.W. N.S. 

A. ••••i4«tt..t...^.^t..&.'L...*.^.>. ~~" ...*.* »■. • . «tt^.* «t. 

IS. itt «t.tti ttt tt. Itw.t. 1.^^... 1.1 ... 1.1 tt.U.U.tt l.w«((U.U((.vJ.U 

AOt ... t.t itt ttt ••■ A.^t.t ^ * J tt. A.vJ.(^ l..W«ia X.-S(.. X.^((( X.^((( ^- » j 



Average i.6.(.i.2(..i.i(..i.i.(.i.4,.(i.'2((.i.4(..X(i 

Average for both ) . , . . , , , . 

ComponentS( } '"^'^ ^'^ ^'3 ^'3 

(II.) Ripplks. 
Ratio 0F Ratioop Ratioop Ratio of 
No. Amplitudes.Periods.Max.Vel. Max.Acc. 

E.W. N.S. E.W. N.S. E(W. N.S. E.W. N.S^ 

■*■. (((...((..••■(•l.<U(((X.^..i\.J. \J^t (.w.O((.S./^.. X.O(,(^,0(((^,yf 

13* • 2*3 •"^{O, (,0,0... 0.9 ••«3*'^ •.•3'9***^*7**«4*o 

*0. .tt»tt*»atti(i(I./«^>I .p«»,0.y •. .O.C(.( ( 2(0( ((2(2a«^2.O...3..0 



Average 2,o...2.3((.o,8(..o.8.(.3.0(.(2*6(((5.8.(.3.5 

Average for both ") 



ComponentS( J 



• fl* *fl^if««««,aa \J» U •••!•#••• v«V/««a«aa»«aa^»/ 
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It will be ihus observed ihat for prineipal undulations of 
severe earthquakes the range of motion is somewhat greater on 
the surface than in llie pit, but there is no great difference of 
inaximum velocities and maximuni aeeelerations between ihe 
two sets of observations. This seems to be due to the fact that 
for the larger undulations the period will somewhat inerease 
with ihe amplitude. In fact, table I. would appear to indi- 
eate some slight inerease of period on ihe surface. The ease 
is different wilh ripples, for whieh the results are more uniform 
and the difference of surface and underground effects'more 
deeided. From Table II. tiie average extent of horizontal 
motion in the pit is only ha1f that on the surface ground, and 
ihe period for the former seems ralher greater tlian for the lat- 
ter, whieh aiises from the fact that very many of the ripples dis- 
appear in the pit. Tlie maximum veIocities and maximum 
aeeelerations on the surface are respectively about three and 
five times those in the pit. 

Our eonelusion then is that for small earthquakes there is no 
praetieal difference between the surface and underground ob- 
servations ; for the prineipal undulations of severe earthquakes 
this difference may exist, but not to any marked degree; but 

for the small quick vibrations tlie difference is eonsiderable. 
Now, though the ealeulation for the ripples may be only approxi- 

mate, their maximum velocities and maximum aeeelerations 

are found to be very great, and, in fact, many times greater 

than ihose for the prineipal undulations. And thus, if these 

ripples are really in great part smoothed away in the pit, it is 

very likely that in times of sueh severe earthquakes as diseussed 

above, there might be less destruciive aetlon in deep pits than 

on the free surface. 

We shall not venture here to diseuss what these ripples tnay 
be. They exist olily in the early part of ihe shoeks, and seem 
to be the eontinuation of the tremors whieh oeeur at the be- 
ginning of earthquakes. The appearanee of the diagrams of 
ihe severe earthquakes is very mueh like lhatof ihe disturbanees 
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in the sea where minute ripples are superposed on large undu- 
lations. If ihe ripples be regarded as waves travelling on the 
surface, then the whole thing will admit of an easy explanation. 

We must state, however, that these observations were made 
at Hongo, where the ground is hard, and it is needless to say 
that the eharaeter of the earthquake motion depends in a greai 
measure on the nature of the soil. Henee it is quite possible 
that observations in dif¥erent plaees may lead to somewhat 
different results to those obtained here. Thus, for instanee, 
at Hitotsubashi, where the soil is soft, the range of motion is 
two or three times greater than that at Hongo, and yet the 
earthquake diagrams obtained there seem to be comparatively 
free of superposed wavelets. 

In the above the observations were confined to the horizontal 
eomponent motion alone. The usual argument for the sup- 
posed smallness of the motionat asubterranean pointis derived 
from the behaviour of a row of ivory balls in eontaet with eaeh 
other when one at the end is sharply struek. This argument 
appears to apply rather to the vertical eomponent than to the 

horizontal. It is our intention to eontinue these observalions 

« 

we have been making, and in addition to investigate the nature 
of the vertical motion in the pit. 
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A MANTEL-PIEGE SEISMOMETER. 



By John Milnk. 

[Read January aoth, iSgi.] 

The instrument deseribed in ihe following nole is identieal 

in prineiple with a seismograph deseribed in the Transaetions 

of the Seismologieal Soelety, Vol. XII. p. 24. An ordinary 

pendulum with a bob Wis rendered astatie by eombination 

witli a inverled pendulum with a bob w. The stems of the in- 

verted pendulum O S w passes through the main pendulum at 

S and, if L is the lengih of the ordinary pendulum and / that 

of the small pendulum, astalieism for small displaeements 

oeeurs when : — 

. w_ __ S O ' 
W " L l 

Inasmueh as only feeble astalieism is required, when setting 

ihe instrument w is only raised until when W is diplaeed to 

the right or the left on being released it slowly returns to its 

eentral position. 

The instrument is not a seismograph but only a seismometer, 

measuring for ordinary earlhquakes the maximum range of 

horizontal motion as two reeiangular eomponents. If in a dis- 

turbanee there is a distinet shoek, the eombination of these 

eomponenls gives the direetion and extent of sueh move- 

ment. Tlie chief reeommendation of the instrument is its 

eompaetness, the fact that it ean be easily set, its reeords easily 

noted, and that it may be used as a useful ornament upon a 
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mantel*piece. Its eonsiruetion will be understood by reference 

to the diagrams. 

When the instrument is shaken, W being at rest» ihe lower 

parts of the two sets of seissor-like pointers p p eome in eon- 

taet wiih the pins P P, and are therefore opened. The maxi- 

mum extent to whieh they are moved is shown on the seales 

m m» To obtain absolute measurements the readings on m m 

E M 
must be divided by ihe ratio p ^ . 

To alter this ratio the weight w must be raised or lowered 
by means of the three serews from whieh it is suspended. By 
raising the weight, P E beeomes small and the multiplieation 
of the instrument is inereased. By lowering ihe weight the 
multiplieation is deereased. With earthquakes sue^ as we ex- 
perienee in Japan a multipliealion of 6 is usually sufficient. 



NOTE ON SEIGHES OBSERYED AT HAKONE 

LAKE. 



By Profkssor \V. K. Burton. 

[Read January 2oth, 1891.] 

Towards ihe end of June of iast year, I stayed for two days 
at the village of Hakone. The weather had been very unsett- 
led and, at the time of my visit, it was both raining and blow- 
ing eonsiderably. 

On the seeond day, looking out from the window of the 
hotel, I notieed that the water was flowing and ebbing with 
remarkable regularity in a little ereek that was so shaped at the 
mouth that the small waves produeed by the wind eould not 
enter it to disturb the smoothness of the surface. 

I took the time of this sort of tidal motion, and found that it 
was 55 seeonds for a eomplete eyele. After notieing what I 
have ]ust deseribed, I walked along the shore of the lake for 
several miles, as indieated by doubling the shore line on 
the aeeompanying map of the distriet. At two or three plaees 
where there were fairly long ereeks, proleeted from the waves, 
I observed exactly the same phenomenon that I had seen at 
Hakone, and the time was the same. The aelual rise and fall 
was so small that it was not measurable without speeial appa- 
ratus. I think that it was eertainly under an ineh, yet the ebbing 
and iiowing mentioned was very notieeable, small fioating ob- 
jects moving regularly many feet landwards and then lakewards. 

At one plaee, where there was a ereek longer than any of 
the others that I had seen, I observed what appeared to me to 
be indieatioDS that there was a seeond motion of mueh longer 
period than that just deseribed. There was the regular flowing 

D 



NOTE ON SEIGHES OBSERYED AT HAKONE 

LAKE. 



By Professor W. K. Burton. 

[Read January aoth, 1891.] 

Towards ihe end of June of last year, I stayed for two days 
at the village of Hakone. The weaiher had been very unsett- 
led and, at the time of my visit, it was both raining and blow- 
ing eonsiderably. 

On the seeond day, looking out from the window of the 
hotel, I notieed that the water was flowing and ebbing with 
remarkable regularity in a httle ereek that was so shaped at the 
mouth that the small waves produeed by the wind eould not 
enter it to disturb the smoothness of the surface. 

I took the time of this sort of tidal motion, and found that it 
was 55 seeonds for a eomplete eyele. After notieing what I 
have just deseribed, I walked along ihe shore of the lake for 
several miles, as indieated by doubling the shore line on 
the aeeompanying map of the distriet. Ai two or three plaees 
where there were fairly long ereeks, proleeted from the waves, 
I observed exactly the same phenonienon that I had seen at 
Hakone, and the time was the same. The aetual rise and fall 
was so small that it was not measurable wilhout speeial appa- 
ratus. I think that it was eertainly under an ineh, yet the ebbing 
and flowing mentioned was very notieeable, small floating ob- 
jects moving regularly many feet landwards and then lakewards. 

At one plaee, where there was a ereek longer than any of 
the others that I had seen, I observed what appeared to me to 
be indieations ihat there was a seeond molion of mueh longer 
period than that just deseribed. There was the regular flowing 

D 
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and ebbing of the unmislakable seieh, with a 55 seeond periodi 
and then there appeared to be a disturbanee, the Aowing tak- 
ing longer than the ebbing, till, for one or two eyeles there 
was only ilowing, wiih an interval of eomplete restbetween two 
waves. After a time, the motion beeame regular again, but 
again beeame irregular, the ebbing this time laking a longer 
time than the ilowing. 

The motion of the long period seieh — if sueh it was — was 
mueh more irregular ihan that of the short. So irregular was 
it, in fact, that it seemed impossible to determine its time with 
any degree of exactness. Indeed, for long intervals it would 
not be observable at all. Probably it still existed, but was so 
far subordinate to the short period seiehes that it was not notie- 
able. Doubtless it would show itself very elearly were a self- 
reeording instrument used. Meantime, I ean only say that it 
seemed to be of a period some ten to fifteen times as long as 
the short period seieh. 

In the curve that I have drawn and now show, I indieate 
what I think would probably, roughly, be the result from a 
self-recording instrument. 

I have not been able to get partieulars as to the depth of 
Hakone lake, but it is known to be very deep. Thus, although 
the elevation is more than 2,000 ft. above sea Ievel, and the 
frost must be severe for several of the winter months, there is 
never any iee formed. The people of the distriet talk of the 
water as unfathomabIe. 

The aeeompanying map shows the form of the lake. It will 
be seen that it is somewhat irregular. 

It would seem that the short period seieh was due to the 
breadth of the lake^ opposite to where the observations were 
made. This is about, on the average, 1,200 metres. Taking 
the formula of Dr. F. A. Forel, eommunieated to ihe Soeiety by 

Mr. C. D. West some lime ago, namely: A= where 

h = the depth of the water in metres, / = the length of the 
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wave in meters, / = ihe time, in seeonds, of a demi-seieh, and 
g, the co-efficient of gravity, in metres, = 9.8088, we get 
a depth of 194 metres, or say 100 fathoms. This is, indeed, a 
great depth, but does not seem an impossible one. 

The long period seiehes are probably due to ihe length of 
the lake, and their comparative irregularity is perhaps, as sug- 
gested by Mr. West, eaused by partof the wave being reflected 
from the eontraetion in the width of ihe lake that there is near 
the end remote from the vilage of Hakone. 

This short note must not be taken as mueh more than in- 
dieating that there are seiehes on Hakone Lake, whieh may 
be worth investigating more exactly than I was able to investi- 
gate them during one rainy day, when I was su£fering from 
influenza. 



A NOTE ON DIAGRAMS FROM SEISMOGRAPHS 
REGORDING VERTICAL MOTION. 



By F. Omori. 

[Read May a^th, iSgi.] 

Horizonlal Pendulam Seismographs have been subjected lo 
most severe tests, and are well known to be perfectly trust- 
worthy. Test diagrams for sueh instruments are given in 
Memoirs of the Seienee Department, University, Tokyo, No. 
9, where it is proved that the so-ealled *' steady point " of sueh 
a seismograph remains praetieally steady during ordinary 
earlhquakes ; and also in ihe Journal, Seienee Gollege, Impe- 
rial University, Vol. I., where earthquake diagrams simulta- 
neously obtained at thesame station by two horizonlal pendulums 
involving the same prineiple but somewhat different in details 
of eonstruetion are eompared. Seismographs reeording verti- 
eal motion have now also been in use for several years, but, as 
far as I am aware, they have not been tested severely, at least 
there is no sueh published reeord. The following test, though 
not strietly rigorous is, I think, sufl5cient for the testing purpose. 

The vertical motion seismograph used in the tesling was ex- 
aelly of the form deseribed by Prof. J. A. Ewing, in Memoirs 
of the Seienee Department University Tokio; No. 9. A stout 
board about i foot broad and 7 feet long was hinged at one 
end to the ground, and supported at the other end by a flat 
bent spring, the board being horizontal. At the supported end 
a vertical post was fixed to the board, and to this post the ver- 
tieal moiion seismograph was attaehed in the same way as for 
aetual earthquake observation. Glose to this and at the same 
heighttherewasa leversimilar to the multiplying pointer of the 
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Seismograph, whose point of support remained strietly at the 
same height. One end of this independent ]ever was atlaehed 
to the post to whieh was fixed the seismograph, while the other 
end wrote, side by side wilh the pointer of the seismograph, on 
a revolving glass plate plaeed on the board. The vertical mo- 
tion was eommunieated by slightly tapping the end of the 
board supported by the spring. In this way we ean eompare 
the diagrams given by the Seismograph wilh those given by 
the independent lever, the latter representing the aetual motion. 
Speeimens of the eomparison diagrams are given in the aeeom- 
panying plate. The traeings marked A were given by the Seis- 
mograph, and those marked B were given by the independent 
lever, the motion being in eaeh ease magnified about eight 
times. Some of the eorresponding displaeemenls are marked 
with the same letters. It should be notieed that the pointer 
and the lever, were plaeed side by side in sueh a way that their 
direetion of motion, being parallel to one another, made equal 
angles on opposite sides of the radii drawn to them. This 
fact must be kept in mind in eomparing the two sets of dia- 
grams, whieh will then be seen to agree as elose as we eould 
expect. 

The "steady point" of the maehine would therefore pro- 
bably be practical]y steady during ordinary earthquakes, and, 
perhaps, we may say ihat Yertieal Motion Seismographs reeord 
motion wilh an aeeuraey equal to that of Horizontal Pendu- 
lams, giving thus trustwerthy means for eompletely reeording 
earthquake motion. 
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REPORT 0F THE GHIRIKIOKU (METEORO- 
LOGIGAL DEPARTMENT) IN TOKIO ON SEIS- 
MOMETRIGAL OBSERYATION MADE IN JAPAN 

DURING THE YEAR 1888. 



GONTENTS. 



Seismie Disfurbances and tlieir Frequency. 

Number of Farthquakes» in Kaeh Season. 

Number of Earthquak»:s in Eaeh Hour. 

Area of Seismie Disturbanees and Intensity. 

Nuiuber and Intensity of Earthquakes in Eaeh Province. 

Table of liarthquakes (monthly). 

Notable £arthquakes : 



I, — Earthquake cf Pebruary ^th 
2. — Earthquake of April iith. 



3. — Earthquake of April 29th. 
4. — Earthquake of July i^th. 



Seismometrigal Obsekyations at the Meteorologigal Cuntral 

Observatorv, Tokyo. 

Tables rehting to Observations of Earthquakes during the year 1888. 

Frequency of Earthquakes per Season. 

Daily Frequency of Earthquakes. 

Intensity of Earthquakes. 

Direetion i>f Earthquakes. 

Nature of Earthquakes. 

I. — Seismig Disturbanges and their Frequency. 

During ihe year 1888, the total namber of earthquakes whieh 
oeeurred in this eountry was 630. A glanee at the map shows 
the distribution of these earihquakes throughout the eountry. 

Among ihe areas shown by deep eolours in the map the fol- 
lowing provinces were most frequently disturbed, — Musashi,* 
Shimozuke, Satsuma, Kazusa, Hitaehi, Shimosa, Iwaki, 
Bungo, Rikuzen, Sagami, Mino, Iwashiro, Nemuro, Kushiro, 
Kii, Shinano, Mutsu, Owari, Kai, Mikawa, Kozuke, £izen, 
Bitehiu, Suruga, Aki, Mimasaka, Yeehigo, Awa, Iwami, 

■ ^— — — -- ■■ — — ^ 

* In Tokyd, Musashi, we had ioz earthquakes this yrar. Sueh an enormous seis- 
mie frequency in 1 okyo is partly due to the fact that even very feeble earthqu»kei 
were elearly observed by means of delieate instruments set up in the Meteorologieal 
Gential Observatoty. :diii>ilarly in any other province whieh might happen 10 have 
similar instrun ents, we might deteet many feeble earthquakes whieh otherwise 
might be unieeorded. 
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Rikueliiu, Hiuga, Oshima, Uzen, Ugo, lyo, Hoki, Harima, 
and Iburi. 

Eaeh of ihese provinces had more than five earlhquakes 
during the year. As regards ihe white parts in ihe map whieh 
inelude Kitami, Teshio, Yeehigo, Yetehiu, Noto, Kaga, Buzen, 
Chikuzen, Hizen, Higo, Cliikugo, Bungo, Iki, Tsushima, Oki, 
and several islands, we do not hesitate lo state thatif they were 
not absolutely free from eartliquakes, they were afiFected very 
little and the same slale of things prevails year after year. It 
may he notieed ihat in Satsuma we had a greater frequency, 
and in Nemuro, a less frequency this year than in 1887. On 
the whole, the provinces along the Pacific were very often 
visited by earthquakes, while ihose along the Japan Sea, were 
comparatively free from ihem ; and the eentral mountain range 
starting from Mutsu and running S.\V. afforded, as during 
preeeding years, a remarkable line of demarkation with regard 
to the distribution of seismie aclivity in this eountry. 

2. NUMBER 0F EaRTHQUAKES IN EAGH SkASON. 

The following table gives the number of earlhquakes reeord- 
ed during eaeh month of the year 1888 : — 

monins. 5«^ o-J2 £-= 3 S'tl o v o>bo 

Frequency. 53 ... 77 ... 46 ... 42 ... 69 ... 40 ... 40 ... 34 ... 42 ... 47 ... 85 ... SS ... 630... S^'S 

Thus the lotal number of earthquakes this year was 630. 
The maximum frequency oeeurred in November, while the 
minimum was in August. The follovving table gives the fre- 
quency in eaeh season : — 

Spring Summer Autunm Winter 

Seasons. Mareh, April, June, Tuly, Sept , Oet., Dee, Jan., Total. Averagc. 
May. August. Nov. Feb. 

Ffequency 157 114 174 185 630 157.5 

The maximum seismie frequency oeeurred in winter, while 
ihe minimum was in summer. If we divide a year into ihe 
hot and eold seasons we have : — 

Hot Cold 

Season. (from April to Sept. (from Oet.to Mareh Total. Average. 

inclusive). incliisive). 

Frequency 267 363 630 3^5-0 
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3. — NUMBER 0F EaRTHQUAKES IN EACH HoUR. 

The following table shows eaithquake frequency in eaeh 
hour : — 
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From the above \ve see that ihe greatest number of earth- 
quakes oeeurred between 3-4 p.m., and the next maximuin 
frequency between 4-5 a.m. and between 9-10 p.m. ; whereas 
the minimum was between 9-10 a.m. and between 8-9 p.m. 
If we took 6 o'eloek as the limit between day and night, we 
should have at night a greater number of eaithquakes than 
during the day by 26. 

4. — Area of Skismig Disturbangks and Intensity. 

The area shaken by an earthquake varied from a mere loeal 
traet up to an area of several thousand sq. r/, depending chiefly 
on the intensity of the shoek. In the following table, the i\um- 
ber of earlhquakes during the year has been classified aeeording 
to the size of the area disturbed : — One square ^/=5.9 sq. miles 

Over 1,000 Eqnare ri 3^33532x3174 44 3.} 

i,oco-zoo sqiiare ri 81$ 7 a z6 9 zo 8 4 6 g zo 1^4 8.7 

Under zoo square ri 43 56 36 33 48 a8 38 3j 36 40 69 41 483 40.2 

Total 53 7J 46 43 69 40 40 31 42 47 85 55 630 53.5 

From the above we see that out of. 630 earthquakes, 482 
only distuibed areas less than 100 sq. r/, 104, areas of 100 — 
1,000 sq. r/, and the remaining 44, areas of over 1,000 sq. rt\ 
Among the last 44 earthquakes, 2 shook an area of over 5,000 
sq. rt' or about one-fifth of the empire, and another shook 
over 9,000 sq. ri or about three-eighths of the empire. It may 
be here mentioned that the last earlhquake shook a greater 
area ihan any that have been reeorded sinee the eommenee- 
ment of these observations in Japan in 1884. 

5. — NUMBER AND InTKNSITY 0F EaRTHQUAKES IN KAGH 

Provinck. 

The number and intensity of earthquakes in eaeh province 
during ihe year 1888 were as follows: — 

Provinces. Frcquency. Severe. Moderate. Peeble. 

Musashi loi 5 19 77 

Shimozuke 56 2 , 3 51 
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Provinces. 



Frequency. Severe. Moderate. 



Peeble. 



Satsuma 48 i 

Kazusa 39 — 

Hitaehi 35 5 

Shimosa 33 6 

Iwaki 30 — 

Bungo 24 I 

Sagami 22 i 

Rikuzen 22 2 

Mino 19 I 

Iwashiro 16 , i 

Nemuro i6 — 

Kushiro 16 — 

Kii 15 I 

Shinano 15 i 

Mutsu 15 I 

Owari 14 .. — 

Kai 13 2 

Mikawa 11 — 

Kozuke II I 

£izen 10 — 

Biehiu 10 I 

Suruga 9 I 

Aki 9 — 

Mimasaka 9 i 

Yeehigo 9 — 

Awa 8 I 

Iwami ., 8 — 

Rikuehiu 8 ......... 4 

Hiuga 8 — 

Oshima 7 3 

Ugo , 7 — 

Uzen 7 — 

lyo 6 — 

Hoki 6 — 

Harima 6 2 



7 

5 

13 
16 

13 

5 

iQ 
II 

14 

II 

2 

II 

5 
12 

7 
8 

II 

4 
8 

8 

7 
6 

7 
4 
4 

3 

4 

3 
7 

3 

6 

5 
3 
3 

4 



40 
34 

17 
II 

17 
18 

12 

9 
14 

4 
14 

5 

9 

2 

7 
6 

7 
2 

2 

2 

2 

2 

4 

5 

4 
4 
I 
I 
I 
I 
2 

3 

3 



6o REPORT ON SEISMOMETRIGAL OBSERYATION 



Frequency. 
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Provinces. Frequency. Severe. Moderate. Peeble. 

Awaji I — — I 

Ghikugo I — — ......... — 

Tlius Mubashi had loi, Shimozuke, 56, and Salsuma, 48 
earthquakes this year, while Omi, Kaga, Shima, Kawaehi, 
Yetehiu, Awaji, Buzen, and Ghikugo had eaeh of ihem only 
one earthquake respectively. 

6. — Intensity of Earthquakes. 

Of the 630 earthquakes in Ihe year 1888, severe earthquakes 
numbered 58, moderate ones 264, and feeble ones 308. Thus 
9°/q of ihe total number of earthquakey in the year was severe, 
42% moderate, and 49% ^eeble. The provinces shaken by 
severe shoeks were as follows : — 

No. of Earthquaifes. Provinces. 

8 Rikuzen ; 

7 Musashi, Hitaehi, Shimosa; 

5 Iwaki, Rikuehiu, Kai ; 

3 Shimozuki, Sagami, Izu, Shinano, Iwa- 

shiro, Oshima; 

2... Suruga, Kozuke, Uzen, Hida, Ise, Ha. 

rima, lyo, Iwami, Hiuga'; 

I Kazusa, Awa, Ugo, Mutsu, Ishikari, Ibu- 

ri, Hitaka, Yeehigo, Yechizen, Mino, 

Owari, Omi, Kii, Tango, Biehiu, Mi- 

masaka, Izumo, Bungo, Hizen, and 

Satsuma. 

Among the most severe earthquakes, we may eount the one 

whieh oeeurred in Iwashiro and its neighbourhood on July 

I5th, the one in Hida and its neighbourhood on November 

loth, the one in Iwaki and its neighbourhood on Oetober 

I2th, ihe one in Mino and its neighbourhood on July 7th, the 

one in Hitaehi and its neighbourhood on February 2nd, the 

one in Mutsu and its neighbourhood on the 5th of February> 

the one in Kanto on April 24th, the one in Kazusa and its 

neighbourhood on November ^rd, the one in Hitaehi and its 
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neighbourhood on April 5th, and lastly the one in Shimosa, 
and its neighbourhood on May 22nd. During these earth- 
quakes, hoases and buildings were damaged, stone lanterns 
and tombstones overthrown, artieles on shelves thrown down, 
and pendulum eloeks stopped. 

7. — Table of Earthquakes (Monthly). 

In the following table, provinces are elassiiied aeeording to the 
frequency of earthquakes in eaeh month. The days of oeeur- 
renee and areas of severe earthquakes together with the day, 
area, and provinces visited by the earthquake whieh shook the 
most extensive area in eaeh month are given : — 
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8. — NoTSS OK Spegial £arthquakes. 

The following short aeeounts only refer to the most notable 
earthquakes or to a series of successive shoeks whieh disturbed 
the same quarter. The times of oeeurrenee *of these seismie 
disturbanees were found by a careful eomparison of times in- 
dieated by several eloeks of the afEectec! area. It should be 
remembered, however» that in an excensive earlhquake, the 
time of oeeurrenee varied, as it ought to do, from plaee to 
plaee. 

1. The earthquake on February 5th, oeeurred at i a.m. The 
area affected on the day was very wide, estending from Hok- 
kaido in the north, to Musashi and Kazusa in the south. The 
area therefore ineluded a great number of provinces — Oshima, 
Shiribeshi, Iburi, Hitaka, Tokaehi, Kushiro, Nemuro, Ishikari,* 
Kitami (5, S.E.),t Teshio (southern eorner), Mutsu, Riku- 
ehiu, Ugo, Uzen, Rikuzen, Iwaki, Hitaehi, Shimosa, Iwa- 
shiro (8, £.), Shimozuke (2, S.E.), Musashi (4, E.), Kazusa 
(8, N.) covering an area of 9,670 square ri. Among the rest, 
Mutsu (6, N.E.), Oshima, (3, E.), Iburi (2, S.E.), Hitaka 
(9, S.) and Tokaehi (i, S.W.) were most severely distiirbed. 
However, they suffered no great damage. In fact, this quarter 
hasoflen had extensive earthquakes, but it mustbesaid that an 
area of over 9,000 square ri was shaken for the first time sinee 
the eommeneement of Seismometrie Observations in 1884. 

2. Earthquake on April iith, whieh oeeurred at 3 a.m. — 
On this day the earthquake was felt in 23 provinces, Tango, 
Tanba, Settsu, Yamashiro, Omi, Yechizen, Wakasa, Harima, 
Inaba, Tajima, Mimasaka, Bizen, Bitehiu, Hoki, Kawaehi 
(9, N.), Izumi (6, N.), Yamato (2, N.), Iga (3, N.W.), Ise 
(i, N.), Mino (3, W.), Izumo (2, E.), Bingo (8, E.), and Aki 
(i, E.) oeeupying an area of 2,190 square ri. Among the 
others, Tango (8, W.) was most severely affected, but not 

* When the name of a province is mentioned the whole or nearly the whole of the 
proyinee is meant. 

t By the notation ^5, S.E.) is meant j parts out of xo or half a province to the South- 
east. When a similar notation is used a similar tliing is meant. 



t 
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mueh damage was done. In Tango and Tanba this was fol- 
lowed soon after by a very feeble shoek. 

3. Earthquake on April 291^, whieh oeenrred at 10 a.m. — 
This earthquake disturbed Rikuzen, Uzen, and Yeehigo to the 
north, Shinano, Mino, and Mikawa to the west, and the PaeiAe 
Goast to the soiUh-east. It was iherefore felt throughout the 
provinces Musashi, Sagami, Izu, Suruga, Totomi, Kai, K6- 
zuke, Shimozuke, Hitaehi, Shimosa, Kazusa, Awa, Iwaki, 
Iwashir . "».!' ■ .>), T. ' . .i (3, S.), Uzi;i (souLhLnn eoriier), 
Yeehigo (0, eentral), Mikawa (7, E.), and Mino (2, E.) oc- 
eupying an area of 5,080 square ri. Among the severely shaken 
areas may be menlioned Musashi, Sagami, Izu, Suruga (6, E.), 
Kai (8, E.), Shinano (eastern eorner), Kozuke (7, S.E.), Shi- 
mozuke (7, S.), Hitaehi (7, S.), Shimosa (8, W.), Kazusa (3, 
W.), and Awa (7, W.) amounting to 1,930 square ri. It is 
said that during this earthquake, river banks in Nasugori, 
Shimozuke gave way, rents were made in walls in Utsuno- 
miya and Shimo-Tsuga-gori, Shimozuke, artieles were knoek- 
ed over in Tokyo and Saitama-gori, Musashi, of liquids in 
Kuraki-gori, Musashi; in Minami-Saku-gori, Shinano ; in Izu ; 
and in Haga-gori, Shimozuke, pendulum eloeks were stopped 
in Minami-Saku-gori, Shinano, and in Izu. As to the nature 
of the molion, we had reports saying a litlle up and down 
motion was felt in eaeh of the shaken areas, but, it seems, it was 
generally a horizontal motion. It is satisfactory to reeord that 
in spite of .the extraordinary extension of the shaken area, only 
a few plaees suffered any damage. 

4. The earthquake on July i^th, whieh oeeurred at 7i,a.m. 
The area affected was Iwashiro, Iwaki (i, W.) and Yeehigo 
(eastern eorner), thus deseribing an elipse like a figure whose 
major axis had an east and west direetion, and covered an 
area of 600 square r/. In all probability, this earthquake 
was due to ihe eruplion of Bandai-san. On the same day, 
Inashiro-maehi at ihe foot of the mountain (at a distanee of 60 
ehb to the S.E.) felt a feeble earthquake at 8 a.m., whieh, be- 
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eoming more and more severe, reaehed its climax at 8^ a.m. 
Just at the same moment, the eruption of Bandai-san took 
plaee with a deafening thundering noise. During the last shoek, 
the surface of the water of the Lake of Inawashiro was so greatly 
agitated ihat it overflowed. In Wakamatsu, Kita-Aizu-g6ri, 
sublerraneau waves eame from the N.E. at 33 minutes past 7 
a.m.; and the up and down motion lasted about 7 seeonds. 
This was followed by a feeble shaking, lasting 30 seeonds. 
During the last shoek, sounds of distant thunder were heard. 

From the above reports it is evident that two shoeks took 
plaee before ihe eruption, and ihe most severe shoek was just 
at the moment of eruption. 

Earthquakk Obskrvations madk at thk Mktkorologioal 

Gkntral Obskryatory, Tokyo. 
During the year 1888, the number of earthquakes observed 
at the Meteorologieal Gentral Observatory was loi. The foI- 
lowing table shows at a glanee ihe date, direetion, intensity, 
&c., of these earthquakes : — 

9. — Table of Earthquakks obseryed in Tokyo durlng 

THR YeAR 1888. 
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10. — Earthquak*: frkquency pkr Month. 

During the year 1888, the number of earthquakes in eaeh 
month was as follows : — 



Months. 
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9» 
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ToUl. 



Freqiiency 4... 15... 7... 7... 11... 9.. .9... 7. ..ii... 4... 13... 4 loi 

From the above it is seen that the maximum frequency oc- 
eurred in February and the minimum frequency in January, 
Oetober, and Deeember. 

II. — £arthquakk frsqu£NCY pkr Skason. 



Year. 
1888 



Spring. 

,..25.. 



Summer. Autumn. 
...25 28... 



Winter. 
...23... 



Average. 
...25 



12. — Frkqukncy during Hot and Cold Periods. 



Year. 
1888 



Hot. 
.54. 



Gold. 
.47.. 



Average, 

...50 
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13. — HOURLY FREQUKNCY 0F EaRTHQUAKKS. 

The number of earthquakes in eaeh hour during the year 
will be found from the following table : — 
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We see from the above that the maximum frequency was 
between 3-4 p.m. and 4-5 a.m., and the minimum.between 8-9 
p.m., o-i p.m., 7-8 p.m., 1-2 a.ra., and 3-4 a.m. 

14. — Intensity of Earthquakes. 
Of the 10 1 earthquakes whieh took plaee in Tokyo in the 
year 1888, we will now deseribe the most notable earthquakes. 

Date, Time of Oeeurrenee. Duratioii. 

April, a^th io°o'33"a.m 8' 

Horizontal Motion. Yertieal Motion. 

j-v . Max. Range. Max. Yeloeity Max. Aeeel. nireetion ^'^^^' Amplitude 
in mm. in mm. in mm. * in mm. 

April 2gih. 5.6 in 0.8 see. as in i.o see. 172.8 in i.o see. S.E. to N.W. 1.5 in 0.6 see. 

The origin of this earthquake must have been somewhere 
in the Gulf of Tokyo. In the provinces on the gulf, river 
banks gave way, rents were made in walls, artieles fell 
down, liqulds fiowed from vessels, eloeks were stopped, &c. 
The duration was long. The next shoeks of long duration 
were those whieh oeeurred at 6h. 9' 20'' p.m. on May I2th, and 
at 8h. 13' 33" on November ^rd, eaeh having a duration ot 4^ 
minutes. All the remaining shoeks.had a duration of less than 
4 hiinutes. There was only one earthquake whieh had a range 
greater than 10 mm., 8 earthquakes whieh had ranges i-io 
mm., 28 whieh were less than i mm., and the remaining 64 
were so feeble ihat measurement was impossible. 

From the preeeding facts we may eonelude that severe earth- 
quakes were few in number this year, about 90 per eent. of 
ihem being feeble. 

15. — DlRECTION 0F EaRTHQUAKES. 

The prineipal direetion of motion of the loi earthquakes this 
year were as follows : — 

S.S.W. S.W. S.W.W. S.E.E. S.E. S.S.E. 

Year. S.N. to to to E.W. to t» to Unknown. 

N.N.E. N.E. N.E.E. N.W.W. N.W. N.N.W. 

1888 5 3 4 2 27 5 8 2 45 

Earthquake motion was therefore ehieily E. W., and after that 
S.E. to N.W. They oeeurred least in the direetions S.S.E. to 
N.N.W., and S.W.W. to N.E.E., the next being S.S.W. to 
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N.N.E. Besides these, there were 45 feeble earthquakes hav- 
ing unknown direelions. 

16. — Naturk of £arthquakes. 

An earthquake may have a horizontal or vertical motion. 
And the motion may be rapid or slow. In the following table 
we show the nature of the earthquakes in 1888 : — 

Nature. At2s<aA»^<wOZQ H 

Combination of 

liorizoiaal and 

vertical moiion.. 11 — 21 11 — 112 — 11 

Horizontal motion 2127398745 — 9 3 69 

Unki.iown 12 — 21 — 13532 i 21 

Rapid 124213—71214 — 21 

Slow 2101212422 — 5 3 34 

Unknown i 3239454734 i 4^ 

Thus of 10 1 earthquakes, 69 were horizontal, 11 were eom- 
bination of horizontal and vertical, and 21 were not deiinite, 
being very feeble. The number of slow earthquakes exceeded 
that of rapid ones by 13, while 46 were so feeble that it was 
difl5cult to determine iheir period of vibration. 
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N.N.E. Besides these, there were 45 feeble earthquake8 hav- 
ing unknown direelions. 

16. — Nature of £arthquakbs. 

An earthquake may have a horizontal or vertical motion. 
And the motion may be rapid or slow. In the folIowing table 
we show the nature of the earthquakes in 1888 : — 

Kature. Ab«S<S*^>=b<c^OZQ H 

Combination of 

horizontal and 

veilical moiion.. 11 — 21 11 — 112 — 11 

Horizonlal motion 2 12 7398745 — 9 3 69 

Unki.iown 12 — 21 — 13532 1 21 

Rapid 124213— T1214 — 21 

Slow 2101212422 — 5 3 34 

Unknown i 3239454734 i 4^ 

Thus of loi earthquakes, 69 were hori2ontal, 11 were eom- 
bination of horizontal and vertical, and 21 were not definite, 
being very feeble. The number of slow earthquakes exceeded 
that of rapid ones by 13, while 46 were so feeble that it was 
difficult to determine their period of vibration. 
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REPORT UPON EARTHQUAKES OBSERYED 

IN JAPAN 1889. 



GONTENTS. 

I.— General Seismig Obseryations. 

Seismie Disturbanees and their Frequency. 

Number of Karthquakes per Season. 

Number of Earthquakes per Hour. 

Area of Seismie Disturbanees and Intensity. 

Number and Intensity of Earthquakes in Eaeh Province. 

Table of Earthquakes (monthly). 

II. — Spegial Seismig Obseryations. 

Notable Earthquakes : 

I. — Earthquake of Pebruary i8th. 3. — Earthquake of July 28th. 
2. — Earthquake of May I2th. 4. — Earthquake of Dee. 3ist. 

UL — Seismig Obsekyations madb at the Meteorologigal 
Gentral Obseryatory, Tokyo. 

Tables relating to Observations of Earthquakes during the year 1889. 

Frequency of Earthquakes per Season. 

Daily Frequency of Earthquakes. 

Intensity of Earthquakes. 

Direetion of Earthquakes. 

Nature of Earthquakes. 



I. — Gkneral Obseryations. 
Seismig Disturbanges and their Frequency — The number 
of earthquakes whieh oeeurred in this eountry during the year 
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1889 amounted 10 930 disturbanees. Map i shows the dis- 
tribution of these earthquakes. 

The eountry is divided into the bllowing six areas aeeor- 
ding to the number of earthquakes whieh look plaee during 
the year : — 

1. Most frequently shaken area, viz., Higo and Musashi.* 

2. Very frequently shaken area, viz., Shimozuke, Hitaehi, 
Shimosa, Nemuro, Iwaki, and Sagami. 

3. Frequently shaken area, viz., Bungo, Kazusa, Salsuma, 
Kushiro, Kozuke, Awa, Oshima, and Rikuzen. 

4. Less frequently shaken area, viz., Iwashiro, Kai, Mino, 
Rikuehiu, Mikawa, Mutsu, Kii, Owari, Suruga, Shinano, Ugo, 
Ghishima, Hinga, Izu, Ise, Biehiu, Aki, Suo, Hilaka, Totomi, 
Yeehigo, lyo, Osumi, and Hizen. 

5. Least frequently shaken area, viz., the remaining provinces 
whieh are eoloured in the map, the seismie frequency being 
generally less than 5 in the year. 

6. Area free from earthquakes, viz., the parts whieh are not 
eoloured in the map, eonsisting of Sado, Noto, Inaba, Oki, 
Tsushima, Teshio, western parts of Ta]ima, northern parts of 
Mimasaka, nearly whole of Hoki, northern parts of Izumo, 
north and southern parts of Shiribeshi, western parts of Iburi, 
northern parts of Ishikari and Kushiro, eentral parts of Kitami, 
and many isl^^ids. 

The last area might be eonsidered for the present as free 
from earthquakes as no report of disturbanees have been re- 
ceived from this area. In fact, it wonld not be too mueh to 

* Hitherto the former province had only 3 or 4 earthquakes every year. But the 
well known terrible earthqiiake whieh affected this province and otherB on the night 
o€ ]uly aSth, was foIlowed by repeated shoeks, thus griving rise in the year to a8x 
shoeks. In addition to this, 63 shoeks were felt on the next agth and 3oth, but the 
exact time of their oeeurrenee beingunknown, they are omitted in the above figures. 
If we take them into c»lculation, we should have 343 shoeks instead of a8z. l'his 
frequency of shoeks in Rigo is the reason for the sudden inerease in thetotal number 
of earthquake8 in this eountry for the year. 

The great frequency of shoeks in Musashi namely ite, is due to the fact that at 
Tokyo in this proviace careful Qbservations are made with seismometers. 
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say that the area is but lillle affected by, if not absolulely free 
from earlhquakes, sinee earthquakes are never reported either 
from there or from neighbouring parts. 

In fine, there is reason to suppose that the eentral mountain 
ehains traversing the Empire from Hokkaido to Kiushiu form 
a remarkable line of demarkation as regards the seismie fre- 
quency, the provinces along the eoast of ihe Pacific being fre- 
quently shaken whilst those along the Japan Sea are but little 
affected. 

NuMBBR 0F £arthquakes in eagh Season. — ^The number of 
earthquakes observed every nionth from January to Deeember, 
1889, is given in the folIowing table : — 

Earthquakes.*^ •" ^' " ^^ ••• ^l • ^ • 39 ••. 6$ ...19«... 79 ..«03... 83 ... 79 ...930...77-5 

From the above table it will be seen that we have the maxi- 
mum frequency in August and the minimum in June. The 
general inerease in frequency is due to repeated shoeks after 
the terrible earthquake in Higo already referred to. 

The frequency in eaeh season may be dedueed from the 
above table, thus : — 

Seasons. Spring. Siimmer. Autumn. Winter. Total. Average. 

Number of Earthquakes. 190 296 264 180 930 232.5 

From the preeeding Table we see that the average fre- 
quency per season was 232.5, and also that the maximum 
frequency was in Summer and the minimum in Winter. 

If we eall six months from April to Oetober ihe hot season 
and those from Oetober to April ths eold season, we have : 

Seasons. Hot. CoId. Total. Average. 

Number of Earthquakes ... 502 ... 428 ... 930 ... 465 

Thus the average frequency of the two seasons was 465, 
and the earthquakes oeeurred more frequently during the hot 
season than in the eold one. 
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NuMBER 0F £arthquakks in each Hour. 
The oeeurrenee of £arlhquakes aeeording to the hours of 
the day and night is shown in the fo!lowing table : — 
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Erom the above table vve see that the maximum frequencies 
oeeurred between 2-3 a.m. ando-i p.m., whereas the minimum 
frequencies, an between 6-7 p.m. and o-i a.m. 

Area of Skismig Disturbanges. — The area shaken by the 
earthquakes varied with their intensity from a mere loeal traet 
up to several thousand square ri. The following table is a 
classification of the earthquakes aeeording to the area disturbed ; 

■ 

More than 1,000 square ri. 559634X33$3z 46 3.8 
Prom 1,000 down to leo 

square rf 10 9 5 16 13 9 14 8 7 9 8 9 ii) 9.8 

Less than zoo square ri ... 38 43 5z 45 44 a6 50 181 69 89 7z 60 767 63.9 

Total 53 <7 63 67 60 39 65 iga 79 103 82 70 930 77.5 

From the above table we see that 767 earthquakes out o* 
the total number of 930 disturbed areas less than 100 sq. rt, 
117 areas between 100 and 1,000 sq. r/, and 46 areas greater 
than 1,000 sq. rt'. We may add that one eanhquake shook 
an area of nearly 6,000 sq. r/, whilst anolher shook an area of 
about 9000 sq. r/. 

Intensity of Earthquakes. — During the year 1889, as we 
have seen, the total number of earthquakes was 930, of whieh 
51 were of a severe eharaeter, 290 of moderate, and the remain- 
ing 589 were slight shoeks. Thus, severe ones were of 6 % 
of the total number of earthquakes, ^moderates ones 31 7o» ^tnd 
slight ones 63 %. 

The provinces shaken by these severe earthquakes were : — 

Times, 

Hitaehi ., 12 

Musashi 10 

Sagami 9 

Shimosa and Shimozuke 7 

Kazusa 6 

Suruga and Rikuehiu 5 

Kozuke, Izu, Iwaki, and Awa 4 

Rikuzen, Oshima, Kushiro, Owari, Mino, Kii, 
lyo, Bungo, and Higo 3 
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Buzen, Hiuga, Awa, Kai, Ise, T6l6mi, Yeehigo, 
and Ugo 2 

Shinano, Iwashiro, Mutsu, Mikawa, Omi, Wakasa, 
Yechizen, Settsu, Awa]i, Tosa, Nagato, Ghiku- 
zen, Ghikugo, Hizen, and Satsuma i 

Of ihese severe shoeks. the most severe one was that whieh 
visited both Higo and Ghikugo on the aSth of July. The very 
severe ones were those whieh oeenrred in Kanto Feb. i8lh, in 
Mino May I2th, in Izu April 8th, in Mutsu and Oshima 
Dee. 3ith, in Shimozuke Oet. i^th, in Bungo Jan. i8th, and 
in'Yeehigo Mareh i8th. 

In the terrible earthquake in Kumamoto, Higo, houses were 
levelled, many Iives were lost, and domestie animals were killed. 
On the other hand, in all other eases, even with the most vioIent 
the damage was small. The least vioIent ones eaused artieles 
to fall from sheWes, doeks to stop, &c. 

NUMBKR AND InTENSJTY 0F EaRTHQUAKKS IN KAOH PrOVINCK. 

— ^The details of the number and intensity of earthquakes in 
eaeh province during the year 1889 are as folIows : — 

Number of Intenstty. 

Provinces. Earthqualces. Severe. Moderate. Slight. 

Higo 281 2 33 246 

Musashi 115 5 23 87 

Shimozuke 85 4 11 70 

Hitaehi 63 6 39 18 

Shimosa 50 2 15 33 

Nemuro 48 — 6 42 

Iwaki 38 3 13 22 

Sagami 31 5 14 12 

Bungo 29 2 10 17 

Kazasa 26 5 12 9 

Satsuma 26 — 4 22 

Kushiro 25 i 18 6 

Kozuke 23 2 Q 12 

Awa 22 .' 2 7 13 

Oshima 22 2 11 9 
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Rikuzen 21 4 

Iwashiro 20 — 

Kai 19 2 

Mino 19 2 

Rikuehia 18 2 

Mikawa 15 i 

Mutsu 13 — 

Kii 13 — 

Owari 12 i 

Suruga 10 4 

Shinano 10 i 

Ugo 10 i 

Hiuga 10 I 

Ghishima 10 — 

Idzu 9 3 

Biehiu 9 — 

Ise 9 — 

Hitaka.' .",.. 7 — 

Suo 7 

Aki 7 — 

Totomi 6 I 

Yeehigo 6 — 

lyo 6 I 

Osumi 6 — 

Hizen 6 — 

Settsu 5 — 

Awa..... 5 — 

• Tosa 5 I 

£izen 5 — 

Buzen 5 i 

Ghikugo 5 I 

Uzen 4 — 

Omi 4 I 

Awaji 4 I 

Tamba 4 — 
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Shima 4 — 

Chikuzen 4 i 

Nagano 3 i 

Iwami 3 — 

Izumo 3 — 

Bingo 3 — 

Harima 3 — 

Sanuki 3 — 

Kaga 3 — 

Yechizen 3 i 

Iburi 3 — 

Ishikari 2 — 

Shiribeshi 2 — 

Wakasa 2 i 

Yamashiro 2 i 

Kawaehi 2 , — 

Izumi 2 — 

Yamato 2 — 

Iga 2 — 

Iki 2 — 

Mimasaka 

Tajima 

Tango 

Yetehiu 

Hida 

Takaehi 

Thus we find that 
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Lhe iirst six provinces, namely, HigOi 
Musashi, Shimozuke, Hitaehi, Shimdsa, and Nemuro were 
af¥ected most frequently, while the last six provinces, namely» 
Mimasaka, Tajima, Tango, Yetehiu, Hida, and Tokaehi, least 
frequently. 

Tablk of EARrHQUAKES (monthly).— We may classify the 
provinces aeeording to the number of earthquakes in eaeh 
month, and indieate the provinces visited by vioIent shoeks and 
and the maximum[^area shaken, as folIows : — 
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U, — Sphcial Obsbrvations. 

NoTABLE Earthquakks. — Here we 
give short aeeounts of eeriain nolable 
earlhquakes : — 

I. The earthquake oii ihe i8th of 
Pebruary oeeurred aC 9 minutes past 
6 a.m. ; — This earthquake eonsiated 
of five successive shoeks. The first 
shoek look plaee at 6I1. 9111. a.m, ; the 
znd oiie, al 6.27 a.m. ; the ^rd one, at 
yh. 48m. 5zsec. a.m.; ihe lourlh one, 
at 8.2 a.m. ; a.m. ; and ihe fifth one, at 
loh. lom, s6sec. a.m. The first one 
shook zi provinces — Musashi, Sagami, 
Awa, Kazusa, Shimosa, Hilaehi, Shi- 
mozuke, Kozuke, Kai, Suruga, Izu, 
TdiSmi, Shinano, Iwashiro, Iwaki, 
Rikuzen, Uzen, Yeehigo, Mikawa, 
Owari, and Mino covering an area of 
5,750 squarert. Out of thess 21 pro- 
vinces, 11, viz., Musashi, Sagami, Izn, 
Awa, Kazusa, Shimosa, Hitaehi, Shi- 
mozuke, Kozuke, Kai, and Suruga, 
covering an area of 1,690 squaie ri, 
were moderately shaken. The severely 
sbaken area eonsisted of five province3, 
— Sagami, Musashl, Shimosa, Kazusa 
(nearly the wbole),and Awa, covering 
an area of 300 sqaare rt. lu tbe last 
aieas there was a little damage lo 
buildiugs, &c. 

In Tokyd, hereand theie, wallswete 
etaeked or shattered, tombstdnes and 
stone lanteraS were oveitbrown, arlieles 
[ell fiom shelves, eloeks stopped, li- 
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quid8 flowedover, Ae. As might be expected, edges of c1iffs 
and the low ground suffered more than other parts. 

In Yokohama houses were a little damaged. 

In Sagami, Aiko-gori, rents were obseryed in the walls of 
warehouses. Near the seashore at Kensaki, houses suffered 
more or less. 

In Awa and Kazusa, the overflow of water from buekets or 
yessels, the displaeement of walls, the falling down of artides, 
and the alarm of the people indieated that the shoeks were 
pretty severe. 

In Shimozuke, rents in walls, the falling down of vases, the 
stopping of cIocks,.and the overflow of Iiquids were observed. 

In Kai, Naka-gori, artieles were upset. 

It may be presumed that not only in the traet of land whieh 
was shaken severely, but also in the area moderately shaken, 
somewhat similar phenomena must have take plaee. 

The origin of this earthquake seems to have been some- 
where in the Gulf of Tokyo. Oflen we have had earthquakes 
whieh, originating in the gulf, disturbed a similar area. But 
sinee seismie observations were begun in the year 1884, we 
have met, for the first time, an earthquake from this quarter 
whieh not only propagated itself far to the eoast of Yeehigo, bu^ 
also travelled through greatdistaneesboth to the north and west. 

Before Ieaving the deseription of this earthquake, it 
would be proper to say a few words about its direetion. 
In the severely shaken area, the prevalent direetion of 
the earthquake, as for the parts to the west of the gulf, was 
either from S.E. to N.W., or E. and W. In the parts to the 
east of the guif, it was E. and W., or from S.E. to N.W. In 
the parts to the north of the gulf, it was N. and S. As we re- 
eede, however, from this area, the direetion of motion beeome 
mueh modiAed, and nothing ean be definitely determined. 

The seeond shoek extended over ten provinces : — Musashi^ 
Sagami, Kazusa, Shimosa, Hitaehi, Shimozuke, Kozuke, Shi- 
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nano, Kai, and Soraga, covering an area of 1,320 sqaare ru 
The shoek was rather slight. 

The third shook distarbed an area nearly equal to that of the 
seeond. It was also slight. 

The fourth only disturbed the neighbourhood of Tokyo. 

The fifth had greater linear estension to the north and 
south, and affected eight provinces : — Musashi (nearly the 
whole), Sagami, Kai, Kozuke, Shimozuke, Hitaehi, Shimosa, 
and Kazusa, disturbing an area of 1,050 square ri, The shoek 
was slight. 

2. £arthquake on the I2th of May whieh oeeurred at 10.40 
a.m. — Sinee the winter, 1883, the distriet of Ghiugoku had 
never sueh an extensive earthquake as this one. Altogether 
37 provinces were shaken : — Mino, Owari, Iso, Mikawa, To- 
tomi, Omi, Iga, Yamashiro, Wakasa, Yechizen, Kaga, Hida, 
Suruga, Kai, Izu, Sagami, Musashi (nearly the whole), Shi- 
mosa, Shimozuke, Kozuke, Shinano, Yetehiu, Shima, Kii, 
Yamato, Izumi, Kawaehi, Settsu, Tamba, Tango, Awaji, Ta- 
]ima, Harima, Bizen (nearly the whole), Biehiu, Sanuki, and 
Awa, disturbing an area of 4,800 square ri. Of these provinces. 
Mino, Owari, Mikawa, Totomi, Suruga, Shinano, Ise, Iga, 
Omi, Yamashiro, Tanba, Wakasa, Yechizen, and Hida cover- 
ing an area of 1500 square ri, were moderately shaken. The 
8everely shaken area eonsisted of Mino and Owari oeeupying 
220 square r/. 

In the provinces, Yechizen, Kaga, Hida, Shinano, Suruga, 
Kai, Shima, Ise, Kii, Yamato, Kawaehi, Izumi, Yamashiro, 
Settsu, Tanba, Wakasa, and Tango the earthquake was elearly 
felt ; whereas, in the provinces, Kaga, Yeehiu, Hida, Shinano, 
Kdzuke, Shimozuke, Shimosa, Musashi (nearly the whole), 
Sagami, Izu, Suruga, Kai, Kii, Izumi, Awa]i, Settsu, Tanba, 
Tango, Ta]ima, Harima, Bizen, Biehiu, Sanuki, and Awa, 
oeeupying an area of 1,670 square ri, the shoek was so slight 
that it was hardly perceived. 
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In the neighboarhood of Gifa, people were thrown into a 
state of alarm. The banks of the Nagara river were rent 
for some distanee. There were maeh damages to poreelain, 
wine-bottles, &c, Pendulam-doeks, espeeialiy those facing 
towards the south or north, were stopped. Aeeording to the 
observations of the Gifa Observatory, the duration of the earth- 
qaake was about 2m. 30S. The movement, whieh was very 
slight atfirst, was foIIowed 3 minutes after by a violent shaking, 
and at the 5th seeond, the range of molion to ihe norlh and south i 

was 4 3m 4 n'n. But, from the moment at whieh the east and 
west mbtion eame into play, the intensity was so mueh in- j 

ereased that the two leaden eylinders of Ihe seismometer, to- 
gether with the index, were over thrown, whieh put an end to 
the observations. The maximum range, however, seems to 
have been about 7 bu, 

In Mino, Haguri-gori, the water in some rice-fields beeame 
muddy during the earthquake. In Motosu-gori, Mushiki-gori, 
Kako-gori, Kamo-gori (Mino) and Aiehi (Owari), eloeks 
facing north and south were stopped, walls were eraeked, iiquids 
overflowed, &c. 

Now we shall pass to the moderately shaken areas. First 
of all, in Omi, Kanzaki-gori, eloeks were stopped. In Ise, 
Yenge-gori, people ran out of doors, but no artieles were upset. 
In Wakasa, Oii-gori, Iiquids overflowed, artieles were over- 
thrown, &c.; and it is said that people there had not experienced 
for a long time an earthquake of so long duration. In Kaga, 
Yenuma-gori, and in Totomi, Sano-gori, it was regarded as 
an earthqaake rarely met with. In Suruga, Ariwatari-gori, the 
water in some wells was so mueh disturbed as to give rise to 
sounds of splashing. 

From the above facts we have reason to believe that the 
origin of the earthquake was somewhere in the southern parts 
of Mino or northern parts of Owari. 

In the severely shaken area an up-and-down motion was per- 
ceived in a few plaees, while all other parts were subjected to 
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horizontal motion. In ihe slightly shaken area, it was gene- 
tally horizontal motron. 

3. Earthquake on the 28TH 0F JuLY. — The earlhquake, 
whieh oeeurred at 40 minutes past 11 p.m., having Higo for 
its focus shook the whole of Kiushiu as well as the western 
parts of Shikoku and Ghiugoku. The area disturbed amounted 
to 6,530 square ri'. We may classify the provinces aeeording 
to the intensity of shoek : — 

I. — MOST SEVERBLY SHAKEN ArEA. 

Area — 100 sa. Ri. 

ProYinee. 

Higo 4 parts out of 10, western. 

2.— Very seyerely shaken Arba. 

Higo 3 parts out of 10, N., E., and S. 

Ghikugo 5 parts out of 10, S. the adjoining seas. 

3. — Seyeral shaken Area. 

Area — 1,360 sa. Ri. 

Higo 3 parts out of 10, extreme E. and S. 

Ghikugo 5 parts out of 10, N. 

Hizen 4 parts out of 10, E. 

Cbikuzen 6 parts out of 10, S.E. 

Buzen 9 parts out of 10, E. 

Bungo whole. 

Hiuga 8 parts out of 10, N. 

Osumi , I part out of 10, N. 

Satsuma i part out of 10, N. the ad]oining seas. 

4. — MODERATELY AND SLIGHTLY SHAKEN ArEA. 

Area— 4,870 sa. RI. 

Chikuzen 4 parts out of 10, N.W. 

Hizen 6 parts out of 10, W. 

Buzen i part out of 10, W. 

Nagato whole. 

Suo whole. 

Iwami 5 parts out of 10, S.W. 

Aki 5 parts out of 10, W. 

lyo 8 parts out of 10, W. 

Tosa 4 parts out of 10, W. 

Hiuga 2 parts out of 10., S. 

Osumi 9 parts out of 10, S. 

Satsuma 9 parts out of 10, S. the adjoining seas. 
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Itt the neighboDrhood of Gifa, people were th^ ^ 
■tate o( alatm. The banks o( the Nagara riif f ^ 
for some diatanee. Thete were roneh danu^ '-- -g ^ 
wioe-bottles, ^. Pendalnm-eloeks, etper'' % ~' 
towardi the sonth or nottb, were stoppe^^ ' ' ^ 
obseryatioos of tbe Gifa Obserttoty, th*^ ; ; ^ 
<]nake was abont im. 30S. The mor- - -j a 
sligbtatSrst, was (oUowed 3minates ■ ' ; '' *; 

andat ibe 5lh secand,lherangeo[ i • '; '; 

was 4 iu 4 rin. Bni, from the • ; - *, 
west motion eame into play, " '. '■ * ; 

ereased that the two leaden t ; '- ■ 

gether with ihe index, wer» : ' ' ~ • 

the obsetvations. The - : \ ■ 

have been abont 7 bu. 
In Mlno, Hagari-p 
madd^ daring the ' 
Kako-gori, Kam 

faciag norlh xaf .«.-gori snSered 

oyerAowed, ^ awell [arther on ihe gene- 

-, Dut pass inio deUiled aeeonnts 
.) and guH, 

Hi. — When ibe tetrible earihqnake took 
; in Ihe town were asleep. Awakened at 
y nished oot of doors. It was a straggle 
ive shoeks folIowed one after another. The 
lome did not even flash aeross the minds 
ley lodged generally on road-sides ot in 
and night. All the^r did was to pray fot 
earthqaitkes. Thus it eontinued natil 
hey were slartled by another seyere shoek. 
inteasiGed by the mmour that the focas 
lomewhere in Komaga-dake within about 
n. The next day, (hey set off to seek a 
ilanee on the sonth-east side of the tonn. 
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^ few days, however, the distarbanee was over. They felt 

\, ^ and returned home. 

l %, town, 15 rents or gaps were formed whieh, when 

% ^^^ her, would have a total length of about 817 ken^ the 

^ing about 3 sun aeross. These lissures had a 

nd south, with a few exceptions, whieh ran to 

The houses generally fell down towards 

^r in some wells beeame milky muddy or 

ge in the walls of the Keneho ; but 

^ ^ ^neho and the warehouses belong- 

'^ *;d severely. As for the Kuma- 

**« were damaged ; fences and 

«ingth of 725 ^tf« fell down; 

's. The Shishin-Saibansho 

rent, and roofs damaged. 

.11 Akuta-gori, the intensity of the earth- 
^at the same as that in Kumamoto, 612 fissures 
.ormed in the ground, the largest one being 250 ken long 
and 3 ken wide, and the] smallest one 5 ken long and 3 or 4 
hu wide. They had not any definite eourse, but the majority 
ran to the south-east. A pieee of ground wiih an area of 2 eho 
3 tan was permanently upheaved or depressed. Some of the 
fissures e]ected sand. Stone walls and edges of cliffs gave 
way at 1707 plaees, and they generally fell towards the south- 
east. Details respeeting houses, lives, and bridges are given in 
the preeeding table. The houses fell towards the south-east. 

At the foot of Nishiyama to the west of Kumamoto, the 
water in 15 wells began to inerease, while that in one well dimi- 
nished, at about 6 p.m. on the 28th ; 84 wells beeame muddy 
and some other wells reddish. A thermal spring at Punatsu- 
mura beeame muddy during the earthquake. In the neigh- 
bourhood of Nishiyama artieles fell down from shelves. Dyers' 
indigo solutions and water in buekets was generally washed 
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We here give a table showing the intensity of the earthqaake 
in the most sewerely shaken area, espeeially in Kumamoto and 
its neighbourhood. 

Nomber Number Nttmber Number Nomber Nomber 

Uunandbni. Houses Houaes Um Persons Bridges Bridges 

Ruined. Shattered. Logt. Wounded. Destroyed. Dsmaged 

Kumamoto-shi 31 i... 17... 3... 5 6 o 

Akuta-gori 149 i74... 15... 34 " 2^ 

Takuma-gori 4 6... o... o o o 

Kami-Masuki-gori . 14 o... o... o o o 

Shimo- Masuki-gori 2 i... o... o i o 

Tamana-gori o 2... 2... 35 o o 

Total 200 200... 20... 74 19...... 21 

Thus we see that 200 houses were IeveIIed, 200 houses were 
half-levelled, 20 Iiveslost, and 74 persons wounded, &c. More- 
over, here and there, the ground was rent or eraeked. River 
banks gave way at onee. Even the Gastle of Kumamoto, 
well known for its unparalleled fortification, had its walls of 
masonry more or less damaged. But Kumamoto-shi, Akuta- 
gori (3 parts out of 10, western), and Tamana-gori saf!ered 
more than the others. We shall not dwell further on the gene- 
ral deseription of the area, but pass into detailed aeeounts 
about eaeh shi (town) and gun. 

I. — KuMAMOTO-SHi. — When the terrible earthquake took 
plaee, many people in the town were asleep. Awakened at 
the first shoek, they rushed out of doors. It was a struggle 
for life, and successive shoeks foIIowed one after another. The 
idea of returning home did not even flash aeross the minds 
of the people. They lodged generally on road-sides or in 
their gardens day and night. All they did was to pray for 
eeeesation of the earthquakes. Thus it eontinued until 
August 3id, when they were startled by another severe shoek. 
Their terror was intensified by the rumour that the focn8 
must have been somewhere in Komaga-dake within aboat 
2 ri from the town. The next day, they set off to seek a 
shelter at some distanee on the soutb-east side of the town. 
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In a few days, however» the disturbanee was over. They felt 
relieved and returned home. 

In the town, 15 rents or gaps were formed whieh, when 
added together, would have a total length of about 817 ken, the 
widest part being about '^ sun aeross. These fissures had a 
direetion north and south, with a few exceptions, whleh ran to 
the east and west. The houses generally fell down towards 
the south. The water in some wells beeame milky muddy or 
reddish. 

There was little damage in the walls of the Keneho ; but 
the masonry gate of the Keneho and the warehouses belong- 
ing to the Keisatsusho suf!ered severely. As for the Kuma- 
moto-ehindai, 243 buildings were damaged ; fences and 
earthen walls whieh had a total length of 725 ken fell down; 
and stone wa^ls gave way at 15 points. The Shishin-Saibansho 
had eaves knoeked away, walls were renti and roofs damaged. 

II. — Akuta-gori. — In Akuta-gori, the intensity of the earth- 
quake was about the same as that in Kumamoto, 612 fissures 
were formed in the ground, the largest one being 250 ken long 
and 3 ken wide, and the' smallest one 5 ken long and 3 or 4 
bu wide. They had not any definite eourse, but the majority 
ran to the south-east. A pieee of ground wiih an area of 2 eho 
3 tan was permanently upheaved or depressed. Some of the 
fissures ejected sand. Stone walls and edges of c]ifiFs gave 
way at 1707 plaees, and they generally fell towards the south- 
east. Details respeeting houses, lives, and bridges are given in 
the preeeding table. The houses fell towards the south-east. 

At the foot of Nishiyama to the west of Kumamoto, the 
water in 15 wells began to inerease, while that in one well dimi- 
nished, at about 6 p.m. on the 28th ; 84 wells beeame muddy 
and some other wells reddish. A thermal spring at Punatsu- 
mura beeame muddy during the earthquake. In the neigh- 
bourhood of Nishiyama artieles fell down from sheWes. Dyers' 
indigo solutions and water in buekets was generally washed 
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out towards the south-east. These ph^nomena were not so 
pronouneed as a distanee from Nishiyama. 

In 24 hours after the ist shoek, 37 smaller shoeks were felt 
and sounds were heard 33 times. After this, shoeks gradually 
diminished until the 2nd. A very severe shoek oeeurred at 
10 minutes past 2 a.m. on the ^rd of August. On the same 
day, 21 moderate shoeks were feit and sounds were heard 13 
times. For several days afterwards 5 or 6 shoeks and sounds 
were felt every day. 

III. — Takuma-gori. — Here shoeks were less severe then those 
in Akuta-gori. In Oyemura and Motoyama-mura, sitiiated 
on the Shira-river, several houses were overthrown and roads 
eraeked. Other parts only suifered a little. 

IV. — Tamana-gori. — In Tamana-gori, the waves propagated 
from the south-east, gave rise to pretty severe shaeks. Sounds 
were heard 4 or 5 times. There were many shoeks. People 
were in confusion. A temple in Igura-maehi fell down, kill- 
ing two beggars. Here and there, gaps were formed in the 
ground ; the lengths of these varied from 650 ken to 50, and 
the widths,'from 5 sun to 3 or 4 bu. Walls of houses mostly 
fell towards the soulh or north. 

V. — Kami-Masuki-gori. — In Kami-Masuki-gori no lives 
were lost or people wounded. The gaps in the ground, whieh 
generally ran to north and south, varied from 15 ken to 2 in 
length and from 5 bu to 3 in width. The banks of the Midori- 
river here and there gave way. In Kiyama-maehi, houses were 
destroyed. In Akitsu-mura, reddish muddy water gushed out 
of the gaps, but it was in small quantity and stopped in a few 
minutes. The water of the Gokono-river along Ofuna-machi 
beeame muddy after the earthquake. In Okawa-maehi and 
Ofuna-machi, liquids were spilled towards the south and east. 
After the first shoek repeated shoeks and sounds were felt 
both day and night. The shoek. whieh oeeurred at 2 a.m. on 
the 3rd of August was moderately strong. After the 5th the 
shoeks and sounds greatly diminished. From the above facts, 
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it will be seeti that the disturbanees in Kami-Masuki-gori were 
mueh less severe than those in Kumamoto. 

VI. — Shimo-Masuki-gori. — Here the. largest fissure whieh 
was 10 ken long and 7 sun wide, appeared on a road whleh was 
serving as a bank of a river. The direetion of the gap was 
west and east. This gap, however, shut again as soon as the 
earthquake was over. In Sugiai-mura a bridge fell. 

We here give a few short aeeounts about other loealilles in 
the very severely shaken area. 

In the northern parts of Higo, the fissures in the ground 
numbered 43, and the largest one appeared at Yamaka-gori, 
Yone-no-dake-mura. It was 125 ken in lenglh and on an 
average 5 bu in width, the direetion being N.E. In Yama- 
moto-gori, there were 3 iissures, one of whieli, 50 ken by i sun 
had north and south direetion in Tawara-mura ; one of the 
remaining two in Sakurai-mura was 20 ken by 3 sun, the other 
6 ken by i^ sun both of whieh also ran north and soulh. The 
depth of these lissures seems to have varied from i to 6ft. In 
Kikuehi-gori, the first shoek was the most violent one ; this 
was followed by moderate shoeks at intervals of 5 minutes or 
half-an-hour. Thus the shoeks numbered 20 or more. £ach 
was preeeded or followed by sounds as of roliing waggons. 

In these parts, the houseswhieh fell numbered 20, and theha]f- 
ruined houses 10, Yamaga-gori and Yamamoto-gori suflfered 
more severely than Kikuehi-gori and Gasshi-gori. The houses 
did not fall in any deiinite direetion, but artieles fell towards 
the west. 

In Ghikugo, Miike-gori, and ils neighbourhood, fissures and 
gaps varied from 5 to i ken in length and were sufficienlly wide 
tp admit a iinger. Those whieh took plaee in wet riee fields, 
often erupted earthy or sandy stuff. Two or three bad houses 
were mueh damaged. Liquids were spilled. Dams of ma- 
sonry along the sea-shore gave way for a length of about 250 
ken, From the firstshock on the 28th to the ^rd of August two 
or three shoeks were felt every day. 
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out towards the south-east. These phenomena were not so 
pronouneed as a distanee from Nishtyama. 

In 24 hours after the ist shoek, 37 smaller shoeks were felt 
and sounds were heard 33 times. After this, shoeks gradually 
diminished until the 2nd. A very severe shoek oeeurred at 
10 minutes past 2 a.m. on the ^rd of August. On the same 
day, 21 moderate shoeks were felt and sounds were heard 13 
times. For several days afterwards 5 or 6 shoeks and sounds 
were felt^every day. 

III. — ^Takuma-gori. — Here shoeks were less severethen those 
in Akuta-gori. In Oyemura and Motoyama-mura, situ^ted 
on the Shira-river, several houses were overthrown and roads 
eraeked. Olher parts only sufFered a little. 

IV. — Tamana-gori. — In Tamana-gori, thewaves propagated 
from the south-east, gave rise to pretty severe sh(^cks. Sounds 
were heard 4 or 5 times. There were many shoeks. People 
were in confusion. A temple in Igura-maehi fell down, kill- 
ing two beggars» Here and ihere, gaps were formed in the 
ground ; the lengths of these varied from 650 ken to 50, and 
the widihs,'from 5 sttn to 3 or 4 bu. Walls of houses mostly 
fell towards the south or north. 

V. — Kami-Masuki-gori. — In Kami-Masuki-gori no lives 
were lost or people wounded. The gaps in the ground, whieh 
generally ran to north and soulh, varied from 15 ken to 2 in 
length and from 5 bu to 3 in width. The banks of the Midori- 
river here and there gave way. In Kiyama-maehi, houses were 
destroyed. In Akitsu-mura, reddish muddy water gushed out 
of the gaps, but it was in small quantity and stopped in a few 
minutes. The waler of the Gokono-river along Ofuna-machi 
beeame muddy afier the earthquake. In Okawa-raaehi and 
Ofuna-macbi, liquids were spilled towards the south and east. 
After the iirst shoek repeated shoeks and sounds were felt 
both day and night. The shoek. whieh oeeurred at 2 a.m. on 
the 3rd of August was moderately strong. After the ^th the 
shoeks and sounds greatly diminished. From theabove facts. 
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it will be seeti that the disturbanees in Kami-Masuki-gdri were 
mueh less severe than those in Kumamoto. 

VI. — Shimo-Masuki-gori. — Here ihe. largest Sssure whieh 
was 10 ken long and 7 sun wide, appeared on a road whieh was 
serving as a bank of a river. The direetion of ihe gap was 
west and east. This gap, however, shut again as soon as the 
earthqaake was over. In Sugiai-mura a bridge fell. 

We here give a few short aeeounts about other loealities in 
the very severely shaken area. 

In the northern parts of Higo, the fissures in the ground 
numbered 43, and the largest one appeared at Yamaka-gori, 
Yone-no-dake-mura. It was 125 ken in lenglh and on an 
average 5 bu in width, the direetion being N.E. In Yama- 
moto-gori, there were 3 iissures, one of whieh, 50 ken by i sun 
had north and south direetion in Tawara-mura ; one of the 
remaining two in Sakurai-mura was 20 ken by 3 sun, the other 
6 ken by i^ sun both of whieh also ran north and souih. The 
depth of these iissures seems to have varied from i to 6ft. In 
Kikuehi-gori, the first shoek was the most violent one ; this 
was followed by moderate shoeks at intervals of 5 minutes or 
half-an-hour. Thus the shoeks numbered 20 or more. Eaeh 
was preeeded or followed by sounds as of rolling waggons. 

In these parts, the houseswhieh fell numbered 20, and thehalf- 
ruined houses 10, Yamaga-gori and Yamamoto-gori suffered 
more severely than Kikuehi-gori and Gasshi-gori. ' The houses 
did not fall in any definite direetion, but artieles fell towards 
the west. 

In Ghikugo, Miike-gori, and its neighbourhood, fissures and 
gaps varied from 5 to i ken in length and were sufficiently wide 
to admit a finger. Those whieh took plaee in wet riee fields, 
often erupted earthy or sandy stuff. Two or three bad houses 
were mueh damaged. Liquids were spilled. Dams of ma- 
sonry along the sea-shore gave way for a length of about 250 
ken. From the first shoek on the 28th to the ^rd of August two 
or three shoeks were felt every day. 
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Iii Higo, Takagi-gori, both shoeks and sounds were pretty 
8evere. Mount Mayu, a greater part of whieh had been over- 
thrown during the earthquake in the 4th year of Kansei, in 
many plaees gave way during the first shoek. Althoagh the 
disturbanee was over in four minutes, 6 moderate shoeks fol- 
lowed one after another before next morning. People lodged 
out of door and did not sleep. In the foliowing shoeks, the 
movement was so slight that people walking did not feel them. 
The shoek on the ^rd of August was also a severe one. Its 
direetion was the same as the ist on the 28th. 

In Ghikugo, Migiwa-gori, eloeks facing towards the east 
were stopped. Stone fences and stone lanterns were over- 
thrown. By 2 a.m. on the 29th, 13 successive moderate shoeks 
were felt at intervals of from 3 to 10 minutes. From 6 to 6.40 
a.m. on the same day, 3 moderate shoeks were felt ; thus mak- 
ing 16 shoeks. Old or bad houses only were destroyed or 
damaged. There was great confusion and tumult. 

In Hizen, Kanzaki-gori, the shoek was severe, and sounds 
like distant thunder were heard. By 6 a.m. on the 29th, 5 
moderate shoeks were felt. 

In the eentral parts of Chikuzen, artieles were overthrown ; 
Iiquids slopped over, and sounds as of a eannon were heard. 
In the eastern parts, 5 moderate shoeks were felt by 6 a.m. on 
the 29th. 

In eastern parts of Buzen the noise of ereaking houses was 
so great, that people rushed out. Besides there was more or 
less spilling of Iiquids. 

In the northern and eastern parts of Bungo, eloeks were 
stopped by the earthquake. Aeeording to the observations at 
the Oita Observatory, the details of the shoek were as follows : 

Tlie earthquake took plaeeat 40 min. past 11 p.m., Ji]ly 28th» 

Diiration 70 seeonds or more. 

Direetion from S.S.W. towards N.N.E. 

Maximiim range 12.4 mm. 

Period 2.7 seeonds. 

Nature * slow. 
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The earthquake eonsisted of 74 eomplete oseillations, the 
first of whieh had a N.W. direetion. In the first 10 seeonds 
15 oseillations took plaee from S.W. towards N.E., from S.£. 
to N.W. or £. and W. In the 2nd 10 seeonds, 13 oseillations 
from S.S.£. towards N.N.W. or from S.£. to N,W, ; and from 
the i5th seeond, they beeame more and more pereeptible. In 
the 3rd ten seeond 12 oseillations, from S.S.£. towards N.N. 
W. or from S.£. to N.W. In the 4th, 9 oseillations took plaee. 
But at the 33rd seeond, we had the greatest undulatory move- 
ment whose direetion, maximum range, period, and nature are 
given in the preeeding table. In the 5th, 8 oseillations having 
longer and longer periods oeeurred from S.W. towards N.£. 
or in £. and W. In ihe 6th, 7 oseillations, from S.S.£. to- 
wardsN.N.W. or from S.£. towards N.W. In the 7th and 
last 10 seeonds, 10 oseillations took plaee in N. and S., from 
S.S.W. to N.N.E. or from S.S.E. towards N.N.W. Thus the 
disturbanee was rapid and slight, but it beeame slow and mo- 
derate by degrees, until the greatest movement took plaee with 
a very long period at the 33rd seeond. 

In Higo, Aso-gori, sounds like distant thunder were heard 
to proeeed from Aso-san for several days before the earthquake, 
espeeially in the morning. On the other hand, the quantity 
of smoke evoIved from the erater remained as usual or rather 
a little diminished. In Yatsushiro-gori, sounds in the sea were 
heard during the earthquake. In Kiuma-gori, only one shoek 
was felt after the severe shoek. 

The Northern parts of Satsuma had not felt sueh a 8evere 
shoek for a long time. 

In the severely shaken area, the direetion of the shoeks 
greatly varied. Thus in the parts to the west of the very se- 
yerely shaken area, it was north and south ; to the north, it was 
north and south or from S.£. towards N.W.; to the east, it was 
£. and W. or from S.W. towards N.E. ; to the south, it was from 
N.W. towards S.E. The nature of the earthquake was gene- 
rally a eombination of vertical and horizontaI motions. 
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FRftQUKNCY 0F £arthquakks pkr SkasOn. — The folIowing 
tablb will show the seimie freqaenc7 per month : — 

Montbi. AtS: s l'sA^<«$l2^ 
Naniberof Eartli- 
qiiakes 5.. .16.. .11.. .18. ..13. ..7. ..5. ..8. ..7. ..8. ..9. ..6... 113 

Protn the lbove table we see that the maximum frequeney 
was in April, while the minimum one was in January and July. 

The foIlowing table showsthe seismie freqtiency per season :-^ 

Stoton. Spring. Summer. Aiitamn. Winttr. Average. 

Number of £artbquakes 42 20 24 27 28 

The f6llowing table shows the frequency in the hot ahd eold 
seasons : — 

Oetober to Mareh. AprU to Sept. 

Gold. Hot. Ay^rage. 

Number of £arthqdakes 55 58 56.5 



0JPSP:PVEP IN 4APAN }^iQ. 



U5 



Daily Fre<)Uency of EARTHQyAK)is. — ^The fQllo>ying |;^ble 
is a cIassification of eart.hquat]ces ae.eoidipg to the time of 
oeeurrenee : — 
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Il6 REPORT UPON EARTHQUAKES 

Thus we see that the maximum frequency oeeurred from 6 
to 8 a.m. and from 2 to 3 p.m., whereas the minimum fre- 
quency oeeurred from 3 to 5 a.m. 

Intensity of Earthquakks. — ^We shall give in the follow- 
ing table the intensity of the most severe earthquake whieh 
oeeurred in the year 1889 : — 

Date. Time of Oeeurrenee. Daratioii. 

Pebruary, z8th 6h. 901. sas. a.in 6m. sas. 

Horisontal Movement. Yertieal MoYement. 

Max. Range. Max. Yeloeity Max. Aeeel. Max. up and down motion. 

in mm. in mm. in mm. in mm. 

30^ in 9.3 tee. 39.0 per see. 83.3 per see. per see. 3.7 in 0.6 see. 

As will be seen from the above tablei the disturbanee was 
rapid and severe. 

The origin of this earthquake seems to have been somewhere 
in the Gulf of Tokyo. In provinces surrounding the gulf, 
rents or eraeks appeared in the walls of dozd (ware houses)i 
and more or less damage was done to buildings ; and even in 
the less severely shaken area, artieles were overturned, liquids 
overflowed, and eloeks stopped. No earthquake during the 
year had a longer duration. After this earthquake we had the 
earthquake whieh took plaee at ih. ^m. 138. p.m. on the 3istof 
Deeember. It had a duration of 5m. 2os. Lastly, we had the 
earthquake at 7h. 3 4m. 56S. a.m. on the 5th of August, whieh 
had a duration of 4m. 20S. All other earthquakes had a dura- 
tion less than 4 minutes. 

There was only one earthquakewhichhadamaximum range 
greater than 20 mm. No earthquake oeeurred with a maximum 
range greater than 10 mm. There were 12 earthquakes with a 
maximum range greater than i mm. and 25 earthquakes less 
than I mm. There were 75 earthquakes whose movement 
was so slight as to render it impossible to observe the range of 
oseillation. We therefore had very few severe disturbanees 
during the year, although a large number of earthquakes were 
reeorded. 
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. DiRKGTiON 0F £arthquakes. — The foIlowing table shows 
the number of earthquakes arranged aeeording to direetion : — 

S.S.W. S.W. W.S.W. E. E.S.E. S.E. S.S.E. 
Direetions. N. to S. to to to to to to to Uneer- 

N.N.E. N.E. E.N.E. W. W.N.W. N.W. N.N.W. tain. 



No. of Earth- 
quakes ....zz ....i, 



.8. 



.z8. 



.zi, 



.3. 



.56 



Nature of £arthquakes. — ^The following table shows the 
number of earthquakes aeeording to the nature of movement : — 
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From the above we see that the number of earthquakes whieh 
were felt as a horizontal movement was greater than those in 
whieh horizontal and yertieal motions were eombined. There 
were 58 earthquakes the movement of whieh was indeterminate. 
As regards the velocity of baek and forth motion, 31 out of 
113 earthquakes were of slow, 21 were of rapid, and 61 were 
indeterminate. 
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DAVID KALAKAUA, 

KlNG 0F THE SaNDWIGH IsLANDS. 



It is with feelings of profoand sorrow that we reeord the 
death of the most distinguished member of our soeiety — 
David Kalakaua, King of the Sandwieh Islands. He was the 
son of the Honorable C. Kapankea, and was born on Novem- 
vember i6th, 1836. On the death of King Kamehameha V., 
with whom he is supposed to have been a blood relation» hc, 
with William Lunalilo, beeame eandidates for the vacant 
throne. Lunalilo was eleeted, but after a tweWe monlh died. 
Kalakaua again put forward his elaims, and inPebruary, 1874, 
was by an Aet of Legislature deelared king. The validity of 
the eleetion was eontested by the widowed Qneen. The dis- 
pute whieh folIowed verged on civil war, and Kalakaua's Iife 
was threatened. Fortunately, in consequence of the intervention 
of foreign powers, a settlement was leaehed and his rights were 
admitted. In 1874 he visited the United States with the object 
of negotiating a reeiproeity treaty, and beeame a guest of the 
Great Republie. The mission was successful]y aeeomplish- 
ed, and in 1875 he returned home. We met him in 1881, 
while on a tour around the world, and although our acquaintance 
was short, his dignified manners, the ilueney of his language, 
and the intense interest he took in matters scientific, made 
a lasting impression. Although before attaining his royal rank 
he had been an administrator in several publie ofiices and in 
consequence his attention had been chiefly direeted to govern- 
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mental administration, like Dom Pedro of Brazil, he had a 
keen appreeiation for everything that tended to the develop- 
ment of scientific knowledge. When he was abroad he sought 
for that whieh might be of benefit at home. Born in a land 
of earthquakes and volcanoes, he was familiar with the litera- 
ture whieh threw light upon their workings and was intimately 
acquainted with all that seientists haddone fortheir investigation. 
He made elose enquiries about the status of our Soeiety, visited 
our laboratories, and showed his appreeiation of our work by 
allowing us to add his name to our list as an honorary 
member. He saw that the investigations we were engaged 
upon were novel, he wished to know what we had done, and 
he eneouraged us in farther work by his royal patronage. 
AUhough naturally dignified in appearanee, his manner was 
unreserved and open. His questions were short and to the 
point, and in a few minutes by a legal method of eross ques- 
tions he would obtain information whieh others might not 
obtain in many hours. 

His deathtook plaee on January^ 20th, 1891, while he was on 
a visit at San Francisco. 
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